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Foreword 


The National Council of Educational Research and Training (NCERT) set up an Advisory 
Committee under the chairmanship of Prof. C.N.R Rao, Director, Indian Institute of Science, 
B angalore, in July 1986, for the development of instructional packages in science and math¬ 
ematics from the upper ppmary to the senior secondary stage, on the lines of the National 
Education Policy (1986). Different writing teams headed by eminent scientists and science 
educationists were formed. The Physics writing team headed by Prof. V.G. Bhide, the then 
Vice-Chancellor, Poona University, Pune, decided that a laboratory manual would form 
a part of the new instructional package. The syllabus in physics prepared for the senior 
secondary stage by the team formed the basis for preparing the textbook and the present 
‘Physics Laboratory Manual’. These two books were prepared simultaneously and go hand 
in hand. The mam purpose of the manual is to integrate the practical work in physics with 
the content presented in the textbook and to provide the students a fuller view of the sub¬ 
ject. The group of authors have home in mind the limited resources available at present 
in an average school, while preparing this manual. 

While preparing this manual recent efforts to improve physics practical work made at 
the University of Rajasthan, Jaipur, the Punjab University, Chandigarh, the Regional Col¬ 
lege of Education, Mysore and the Department of Education in Science and Mathematics 
(DESM) of NCERT, Physics Curriculum Development Projects in U.K., U.S,A., and 
U.S.S.R., besides experiences of a recent laboratory survey conducted by DESM, were 
kept in view by the team. 

My appreciation and thanks are due to Prof, V.G. Bhide, Chauman of this Team, for 
providing the leadership to the three groups formed by the teams working at Bangalore- 
Mysore, Bombay-Pune, and Delhi, and to all the authors of this laboratory manual for the 
hard work put in by them in preparing the draft manuscript, for revising it to incorporate 
the suggesaons received in four workshops organised in connecdon with this manual at 
(i) DESM, NCERT; (n) Jnana Prabodhini Prashala, Pune, and (iii) University of Poona, 
Pune. I thank all the participants of these workshops fdr'their contributions. Thanks are 
also due to Prof. S.R, Choudhary of the Department of Physics and Astrophysics, Uni¬ 
versity of Delhi for guidance provided by him in developing the manuscript of a portion 
of this manual, 

I would like to record my thanks to Prof, B. Ganguly, Head, DESM and to Prof. Vcd 
Ratna, Coordinator and General Editor for this Laboratory Manual, who have borne much 
of the burden of organising and steering through the programme of preparation of this Manual 
as a part of the instruction package in Physics for the senior secondary stage. My than^ 






Preface 


The National Policy on Education adopted in 1986, the plan'of action evolved to imple¬ 
ment the accepted National Policy, and the countrywide debate thereon led to a decision 
that the teaching of science should be introduced in an integrated way and pursued up to 
Class X as a part of the study of Nature without compartmentalising it into narrow dis¬ 
ciplines such as physics, chemistry, botany, zoology, etc. With this background of science, 
it was further decided to teach physics as a separate subject in Classes XI and Xn, In order 
to prepare a total package of curricular materials for Classes XI and XII working groups 
consisting of university professors, school teachers and NCERT experts were constituted. 

The Physics working group, after long deliberation, considered it necessary to initiate 
a new approach to the teaching and learning of physics at the school level. This approach 
is essentially based on the active participation of the students in the learning process through 
expenmentation, supplemented by demonstration by the teachers, oriented out-of-class acti¬ 
vity by the students and discussion leading to the understanding of the basic concepts in 
phystes without the loss of mathematical rigour. The working group desued to integrate 
the classroom text, the laboratory text and the comprehensive exercises into one single 
book in order to bnng out the fact that physics is an experimental science. Although unfor¬ 
tunately, it has not been possible to bring out the classroom text and the laboratory text 
in a single volume, efforts have been made to maintain close relationship between the labo¬ 
ratory experiments and demonstrations with the concepts dealt with and developed in the 
classroom text. 

The practical work described in the laboratory text has been classified into three types: 
(a) demonstrations (designated by D along with their serial numbers) recommended to be 
shown, or better still, to be collectively done by the students and the teacher and discussed 
by the teacher in the classroom; (b) laboratory experiments (designated by E along with 
their serial numbers) to be carried out by the students in the school laboratory, and (c) 
out-of-the-classroom activities (designated by A along with their serial numbers) recom¬ 
mended to be undertaken by the students at home or elsewhere. The activities mentioned 
in the book are indeed illustrative and are supposed to excite the curiosity of the student. 
Amongst the laboratory experiments, there are some experiments designated as SE which 
are meant to develop the skills m the students. Both the demonstration experiments and 
the activities are indicative and we hope that the teachers will design new and effective 
demonstrations and the students will undertake activities or open-ended enquiries related 
to the concepts they learn in the classroom. It is hoped that the students will eventually 
be examined in the practical examination with reference to laboratofy experiments only. 




The entire content of this laboratory text has been divided into five themes. Material 
presented under themes I (Electrostatics); II (Current Electricity); III (Magnetism and Elec- 
tramagnetisrn); IV (Electromagnetic Induction and Varying Currents); and V (Optics and 
Modem Physics) have been organized around topics dealt with and developed in related 
chapters (chapters 1 and 2; chapters 3 and 4; chapters 5 and 6; chapters 7,8 and 9: chapters 
10,11,12,, 13 and 15'Yespecttvdy) We have attempted m these themes to present a topic 
developed in the classroom text and then suggested and descnbed laboratory experiments, 
demonstrations ^nd oriented activities aimed at clarifying the concept related to it. It is 
hoped that such an organisation of the laboratory manual would be found useful in teach¬ 
ing the subject and in bringing out a close linkage between laboratory work and classroom 
theory, 

T^e .descnption of the laboratofy experiments differs markedly from that found in tra¬ 
ditional books for practical work. The latter are rather the cook-book type in which the 
entire procedure is supposed to be followed mechanically, thereby killing iniuative and 
the spirit of enquiry. We have attempted to describe m this manual both the ‘why’ and 
‘how’ of the procedure of an expenment. Notes have been added after many experiments, 
which explain the important precautions, alternative procedures, improvisations and exten¬ 
sion of the expenment in the form of activities and/or project work Only m a few exper¬ 
iments, a tabic of observations is given and these are only illustrative We feel that the 
students should design their own table of observations in accordance with the procedure 
followed by them. Likewise, the necessary theoretical background of the experiment 
presented under the subheading ‘Theory’ is only a few experiments where it is necessary. 
Efforts have been made' not to repeat the content of the textbook, except where it is essen¬ 
tial for clarity of expression for continuity. 

Traditionally, demonstration experiments are supposed to be done by the teachers with¬ 
out any participation by the students. Consequently, demonstration experiments are seldom 
described in the laboratory manual. However, we feel that students can and should par¬ 
ticipate in the process of setting up, demonstrating'bnd improvising these demonstrations. 
In our opinion this participation will excite the students which may ultimately lead to very 
innovative demonstrations Indeed, we feel that such participation by the students could 
even be treated as performing a project for examination afid/or for demonstrating in science 
exhibitions provided it reflects the evidence of creativity It is with this penspeciive in mind 
that we have described the demonstration experiments making clear the essential obser¬ 
vations to be made by the students and also how to perform it. We sincerely hope that 
the teachers will not only demonstrate as many experiments as possible but also design 
and develop a number of demonsUation experiments. 

Onented activities to be undertaken by the students have been rather bnefly stated because 
further details of these will depend very much upon local situations and materials avail¬ 
able for doinjg them. These activities are illustrative and students should be encouraged 
to undertalfe amumber of such related activiti^. A few of these activities can, in fact, be 
enlarged in theu scope to form a small project. 



In recent years, several efforts have been made, in India and abroad, to improve physics 
practical work. This has led to tlie designing, development and trial of a number of novel 
experiments based on any one or more of the following 

1 To provide to tlie students novel and exciting experience not hitherto possible 
with the existing stereotyped apparatus. 

2, To reduce the cost of the equipment necessary to carry out an experiment without 
sacrificing either the accuiacy or precision in performing an e.xperiment. 

3 To design such apparatus thqt a number of experiments could be performed. 

4, To provide a better and more dueci illustration of the principle involved. 

5 To design e.tperiments which aie simpler, more accurate and easier to perform. 

The fruits of such an eifou can reach the students only if a curricular renewal programme 
IS simultaneously undertaken. We have taken this opportunity when the entire physics cur- 
nculum IS being revamped to introduce a number of such non-traditional experiments. How- 
ever, before including them, hese experiments were actually performed not only by us 
but by a crosS’SecUon of teachers with a view to ensuring that these experiments can indeed 
be done easily and that they provide more accurate results. 

It is hoped that the students and teachers will find these experiments interesting and 
educative and will be prompted to take the iniiiative in designing many more of these types 
of experiments and utilising them in the teaching-learning process It is further hoped that 
the fact that those who take such initiative will inevitably be a small minority in the begin¬ 
ning will not be used as a reason for keeping these experiments out of the purview of the 
examination in practical work; otherwise, such initiatives will be killed and no progress 
will be possible. 

The members of the physics curriculum group of the Department of Education m Science 
and Mathematics, NCERT, have done this work systematically, involving experienced phy¬ 
sics teachers from schools and colleges from different parts of the country Four work¬ 
shops of teachers, including one for review of this material and another for its refinement 
were organised. I take this opportunity to sincerely thank all the teachers and experts who 
participated in the workshops for their valued contribution. 

Through this laboratory manual, we hope to establish a fruitful and continuing dialogue 
between the teachers, the students, the senior physicists interested in the improvement of 
the teaching of physics at the school level so that newer and better experiments can be 
designed and more exciting activities undertaken by the students We would also be grate¬ 
ful for suggestions improving this manual. 

All my colleagues join me in offering grateful thanks to Prof. C.N.R. Rao, who con¬ 
ceived of the idea of working groups, for his guidance and support and to Dr. P.L, 
Malholra, Director, NCERT, and Dr, B .Ganguly, Head, DESM for their help in this endea¬ 
vour. 


V.G. BHIDE 
University of Poona, Pune 
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Electrostatics 


All matter in the universe is electrical m 
nature The net charge on a body could be pos¬ 
itive, negative or zero. During every reaction, 
physical, chemical, nuclear, etc .charge on 
bodies particularly in a reaction is conserved. 
Thus there is only a separation of charge during 
the process of charging. Charge can neither be 
created nor destroyed. 

Like charges repel and unlike charges attract 
An electric charge produces a force on other 
charges and also experiences a force due to the 
presence of other charges m its vicinity. A 
charge creates an electric field in the surround¬ 
ing space and any other charge brought into this 
field experiences a force. Two charges at rest 
and in motion relative to each other exert a force 
on each other This force, similar to the grav¬ 
itational force, IS a fundamental force of nature. 

TOPIC I TWO KINDS OF CHARGES 

1.1 (Demonstration): To demonstrate that 
some objects acquire an electric charge on 
rubbing. 

(a) Take an ordinary ball pen or a fountain pen 
with a plastic body. Rub it on dry cloth or on 
dry hair. After rubbing, bnng it near bits of 
paper' spread on the table. You will now 
notice that it attracts bits of paper, whereas, 


' For betier results, use small bits of tissue paper cut to 
about 2mm x 2mm size 


before so mbbmg, it did not attract bits of paper. 
Tlius, the pen acquires the property of attract¬ 
ing bits of paper, and as we shall see later, that 
this IS because the pen has got charged during 
the process of rubbing. Now roll the pen in 
between the palms of your two hands. You will 
notice that the pen has now lost the property 
of attracting bits of paper,or the pen has now 
lost its charge, The charge on the pen leaks 
away to earth through your body. 

(b) Take an inflated rubber balloon. Normally 
It does not stick to the wall. However, on rub¬ 
bing It with dry cloth, you will notice that it 
sticks to the wall, attracts bits of paper and, 
interestingly enough,'clings under your dry 
hand as shown in Fig.l 1. 



Fig. 1.1 Charged balloon clings under your dry 
hand. 
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1.2 (Activity): Materials which get electrified 
on rubbing. 

(a) Take following pairs of bodies and rub one 
amongst the pair with the other in the pair and 
see whether they get charged by bringing them 
close to the bits of paper spread on a table. 

(i) A glass rod and dry silk cloth 

(ii) An ebonite rod and woollen cloth 
(hi) A cellulose acetate strip or perspex 

strip and dry cotton 

(iv) A vinyhte strip or polythene (a 
popular name for polyethylene) 
strip and wool 

(v) A metal rod with an ebonite handle 
and dry silk doth 

(vi) A dry peacock feather and folded 
paper 

(Place the feather in between the 
folds and pull it a few times) 

(vii) Polythene strip and pages of the 
book. 

(Place polythene strip in between 
the pages of a book and pull it, 
repeat it several times) 

(b) Look around and take several pairs of 
objects and rub ,one amongst the other. List 
those which get charged and those which don’t. 

1.3 (Demonstration); To demonstrate that 
there are two kinds of charges and that like 
charges repel and unlike charges attract. 

(a) Rub a glass rod with a piece of silk cloth. 
Place this glass rod horizontally in a wire frame 
suspended by silk or a nylon thread (Fig 1.2). 
Rub a second glass rod similarly and bring the 
rubbed end of this glass rod near the rubbed end 
of the suspended glass rod. You will find that 
the two glass rods repel each other. Since both 
the glass rods have been rubbed in a similar 
fashion, the two must have acquired same kind 
of charge. From this experiment, we conclude 
that Similar or like charges repel each other. 



Repeat the experiment with two ebonite rods 
rubbed against woollen cloth or vinylite strips 
with wool In each case, you will notice that 
like charges repel each other. 

(b) Rub a glassyrod with a piece of silk cloth 
Place It as in the previous demonstration hori¬ 
zontally in a wire frame suspended by a silk or 
a nylon thread. Rub an ebonite rod with a wool¬ 
len cloth and bring the rubbed end of the ebo¬ 
nite rod near the rubbed end of the suspended 
(glass rod (Fig. 1 3). You will notice that the 
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ebonite rod attracts the glass rod. You will thus 
see that'the charged ebonite rod behaves dif¬ 
ferently from the charged glass rod or the ebo¬ 
nite rod acquires a different kind of charges. 
Further, this experiment shows that like charges 
repel each other whereas unlike charges attract 
each other 

Just as a matter of convention, the charged 
glass rod and all other charged bodies which 
behave like it are said to be Positively charged 
Similarly, the charged ebonite rod and all other 
charged bodies which behave similar to it are 
said to be Negatively charged. 

1.4 (Activity): Which of the two kinds of 
charge do various objects in your environ¬ 
ment acquire on rubbing. 

Take pairs of bodies mentioned in activity 1.2a, 
and also the bodies which you discover in acti¬ 
vity 12b to acquire charge on rubbing. Find out 
which of them gets positively charged and 
which acquires a negative charge. Satisfy your¬ 
self that any two bodies charged similarly repel 
each other. Conversely, bodies having unlike 
charges attract each other. 

1.5 (Demonstration): To demonstrate that 
when two bodies are rubbed together, both 
acquire charge; one acquires a positive 
charge and the other acquires a negative 
charge. 

Take a pith ball (pith is the soft portion inside 
Sarkanda of about 5mm diameter. Coat its outer 
surface with black waterproof ink or tlim layer 
of aluminium paint (the one containing very 
small particles of aluminium) to make it con¬ 
ducting. Suspend this coated pith balF with a 

^Insiead of a piih ball, you can use a sphere made of 
iheimocol or a sphere made of crumpled aluminium foil 
Whenever, a pith baU is mentioned, it is implied that any 
one of the three can be used 


long dry thread of silk or nylon. (For the suc¬ 
cess of tins expenment, the air in the room must 
be still or else the suspended pith ball should 
be enclosed in an enclosure with a transparent 
window, Fig.l 4a, to observe the movement of 
the pith ball) 



(3) Dry nnipty aci:|U.tiitJm 



(bll 


Fig. 1.4 (a, b) 

Take a metal rod with an ebonite handlel 
Rub it with dry silk clotli (Few folds of sdk 
cloth are fixed to a block of wood having a 
small channel of the size of the diameter of the 
metal rod as shown in Figure 1.4b,) Bring the 

^For a metal rod to be used m these expenmenls il is nec¬ 
essary to have an ebonite handle or a handle of any sim¬ 
ilarly insulating malenal so that the charge developed on 
the metal rod during fnction (mbbmg) does not leak ihtough 
your body to the earth 
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rubbed metal rod near the coated pith ball. The 
metal rod attracts the pith ball. On touching the 
metal rod, the pitli ball is repelled (On toucii- 
ing, the pith ball acquires the same charge as 
that on the metal rod and hence there is repul¬ 
sion between the metal rod and the pith ball). 

Now bring the rubbed silk cloth holding it 
by the wooden support near the pith ball You 
will see that whereas tlie rubbed metal rod 
repels the pith ball, the silk cloth against which 
the metal rod was rubbed attracts the pith ball. 
This clearly shows that both the bodies involved 
in the process of rubbing acquire charge but the 
charge on one is opposite to the charge on the 
other. 

Satisfy yourself that this is invanably the case 
by repeating the above expcnment, with pairs 
of bodies mentioned m activity 1.2. 


1.6 (Demonstration): To demonstrate that 
when two bodies get charged by rubbing 
together, they acquire equal and opposite 
charge. 

Make a sleeve of silk cloth (having several 
layers of cloth) about 8 cm long, which fits 
loosely on a metal rod with an ebonite handle. 
Demonstrate that initially they have no charge, 
by bringing each m turn near a charged pith ball. 
Each applies httle or no electncal force on the 
pith ball. 

Next, put the metal rod m the .sleeve and rub 
it vigorously. Bnng the two together near the 
pith ball. Again, the pith ball remains unmoved. 
This shows that there is no net charge on the 
silk sleeve containing the metal rod. Now take 
the metal rod out of the sleeve and bring the 
two m turn near the pith ball. One attracts the 
ball and the other repells it, showing that they 
acquire opposite charges. Since the net charge 


on both together was zero, the magnitude of 
charge on them is equal"^, 

Note. If you observe the effect of rubbed metal 
rod and sleeve togeLher on the charged pith ball 
after observing the effect of each individually, 
chances are that the pith ball may not remain 
stationary. The reason is that, during the time 
you observe the effect of each individually on 
the pith ball, unequal leakage of charge may 
take place from them. 

1.7 (Demonstration): To demonstrate that 
some materials conduct charge through them 
easily whereas some others do not. 

Take a glass beaker and support a small metal 
rod AB on top of it as shown. Suspend a pith 
ball such that it just touches the end A, as shown 
in Fig.l S. Take a metal rod CD with an ebo¬ 
nite handle, Rub the rod CD with a silk cloth. 



Fig. li 


^In the process of rubbug, metal rod loses some electrom 
to Ihe silk doth gelling posmvely charged whereas ihe silk 
cloth having gamed these electrons gebnegauvely charged 
equally Thus ihere is merely sepatauon of charges during 
the process of rubbing 
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Bring the end C of the charged rod CD in con¬ 
tact with the rod AB at the point B as shown 
in Fig.1.6. What do you observe? As soon as 



the charged metal rod touches the supported 
metal rod, the suspended pith ball swings away 
from the other end of the rod AB as shown in 
the Fig.l 7. Move the charged metal rod away 



from rod AB. Do you still notice repulsion 
between the suspended pith ball and the sup¬ 
ported metal rod? 

When the charged metal rod CD touches end 
B of the rod AB the charge flows from the rod 


CD to the rod AB and then to the pith ball in 
contact with it Both the pith ball and the rod 
AB acquire the same kind of charge and hence 
there is a force of repulsion between them. 

Repeat this experiment replacing the metal 
rod AB on the glass beaker by a glass or an 
ebonite rod EF (Fig.l 8) Observe what hap¬ 



pens when the chargetl metal rod CD is brought 
in conlaol ol the rod EF The pith ball does not 
move. Wc infer that the rod EF (i.e glass or 
ebonite rod) docs not allow the charge to flow 
from the charged metal rod CD to the pith ball 
in contact with it. 

Those materials which allow the charge to 
easily flow through tliem are called conductors, 
whereas those which do not easily allow the 
charge to flow through them, are called insul¬ 
ators. 

1.8 (Activity): Conductors and insulators in 
your environment. 

You come across in your daily life a large 
number of materials; weed, glass, plastics, 
metals, etc. Find out which of them are con¬ 
ductors and which of them are insulators. 

ELECTRIC CHARGES ON FAST-MOVING VEHICLES 
Eleclnc charges can build up due to friction with air on 



an aircraft in flight, creating a potential explosion hazard 
unless preventive steps ate taken 'llie rubber tyres are made 
slightly coiiducung so that the accumulated charge leaks 
away harmlessly on landing In older limes, chains used 
to be hung from the chesis of tmeks to make contact with 
the road, so that any electrostatic charge that develops on 
tt, goes to earth. Now-a-days, you don’t see these chains 
as the rubber lyres arc made shghily conductmg. 

1,9 (Activity): Repulsion among similar 
charges. 

(a) Take a large number (say 50-100) of unspun 
silk or nylon threads about 20 cm long. Tie 
them in the middle. Fold them around die centre 
and suspend them as shown m Figure 19a. 



Stroke the thieads with a dry hand. You may 
even comb them with a dry comb What do you 
find on stroking the threads or combing them 
several times'^ Explain your observations. 

(b) Cut a 10 cm long 3 cm wide polythene strip 
from a polythene bag. Fold it in the centre and 
hold it at the fold in one hand, as shown in the 
Figure 1.10 Rub the two leaves of the strip with 
dry wool. Observe what happens after rubbing 

(c) Cut a stnp of aluminium foil or metal coated 
polythene, 20 cm long and 3 cm broad. Fold 
it m the centre so that the metal coated surface 
is outside. Fix 1 cm broad adhesive tape as 
shown in the Figure 1.11, so that you can hold 
Ihe aluminium strip. Hold Ihe aluminium coated 
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polythene stnp by the adhesive tape m one 
hand. Stroke ^e suspended strip a few times 
with silk cloth. What do you observe ? Explain 
your observation. 

1.10 (Activity); To make a simple electro¬ 
scope and use it to detect charges on bodies. 

(a) Bend a metal wire with a knob at one end 
(you can make such a knob by twisting the wire 
several times at end A) into the shape shown 
in Fig, 1.12a. Take about 8 cm long and i/z cm 
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broad sinp of ihin aluminium foil. Fold it round 
ihc middle. See that there are no wrinkles on 



Kig 1 \1 {a, \i) An improvned alummiumfoil electroscope 

US surface Gently place it on the horizontal arm 
B of the wire Take a tall glass jar or a tum¬ 
bler Stick two aluminium foils C and D, 2 cm 
broad and 10 cm long, on opposite sides of the 
glass jar. Gently lower the copper wire having 
the folded aluminium sU'ip on its arm B. Orien¬ 
tation of the wire must be such thatC faces one 
half of the folded aluminium strip and D faces 
the other half (Fig. 1.12b) E is a cardboard disc 
to support the wire. This is your electroscope. 

With the help of this electroscope, you can 
show that bodies acquire charge on rubbing. 
You can also show that during the process of 
rubbing, the two bodies involved in rubbing 
acquire opposite kind of charge. 

(b) Yoti can make another version of an elec¬ 
troscope as follows. Take two tiny pith balls or 


thermocole spheres coated with conducting ink 
or aluminium paint. Tie each ball at one end 
of a thin copper wire (40 SWG, witliout enamel) 
30 cm long, Suspend them from a thick metal 
wire placed across a glass jar as shown in the 
figure. This is your electroscope In this case, 
the pith balls repel each other on acquiring 
charge. 

In both the cases, you can even measure the 
deflection of the aluminium foils or the pith 
balls with the help of a small scale fixed just 
behind the aluminium foils or pith balls (Fig. 
1.13). 


Hingo 



Fig. 1.13 An improvised pith ball electroscope 


1.11 (Demonstration); To demonstrate the 
construction of a gold leaf electroscope and 
its working. 

A gold leaf electroscope is schematically shown 
in Fig. 1 14, It essentially consists of a vertical 
metal rod A fixed with a metal disc D at one 
end and a pair of gold leaves L at the other. This 
metal rod A is fixed in the mouth of a glass bell 
jar C with the help of an insulating plug P. 
Now-a-days, thin aluminium foils are used 
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Fig, 1.14 A sensitive gold leaf electroscope 


instead of gold leaves. Two tin foils F are fixed 
on opposite sides of the glass bell jar as shown 
in the figure. The bell jar is fixed on a wooden 
basc'B. 

In order to test whether a given body is 
charged or not, the body (say a glass rod, ebo¬ 
nite rod, etc.) is brought near the electroscope 
and made to touch the metal disc D of the elec¬ 
troscope. Make this contact so that asdarge an 
area of the body as possible comes in contact 
with the metal disc D. If the body is charged, 
you will notice that the leaves L diverge. With 
this electroscope, you can detect a charge on 
a body, you can also show that the two bodies 
(such as glass rod and a silk cloth) involved in 
the process of rubbing acquire opposite charge. 


TOPIC n. FORCE BETWEEN TWO 
CHARGES (COULOMB'S LAW) 

1.12 (Experiment): To study the variation of 
force between two charged spheres with dis¬ 
tance separating them. 

Apparatus A simple apparatus to study the var- 
iaoon of the force between two charged spheres 
with distance separating them is shown in 
Fig. 1.15a. There are two spherical pith balls 



Fig I.IS Apparatus for the study of Coulomb's law 
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A and B coated with conducting ink. One of 
the pith balls is suspended by two fine nylon 
threads PB and QB from the top of the box E 
The pith ball B rs free to make small move¬ 
ment along a line parallel to the scale S made 
on the lower glass window G^. This hne is 
perpendicular to PQ and PB. Another pith ball 
A IS mounted on a cork C with a match stick 
ST. This pith ball can be brought nearer to or 
taken away from the pith ball B, enabling one 
to vary the distance between -A and B. 
Procedure: Note the rest posibon of B on the 
scale. Let it be ‘a’. Keep the hne of sight, while 
taking this reading, perpendicular to the scale 
so that you see the two threads coincident. Note 
the reading 'a' on the scale with the help of the 
threads. Note the posiUon of A on the scale like¬ 
wise, with the help of pointed upper end of the 
match stick. Let this reading be ‘c’ Rub a plas¬ 
tic strip with a woollen cloth and charge it. 
Insert this plastic stnp in the box E and touch 
both the pith balls A and B, In so doing, you 
transfer some charge to A and some to B. Both 
A and B are charged. As soon as they acquire 
an electric charge, the suspended pith ball B 
gets displaced from its original position ‘o’ due 
to repulsion by ball A Note the new position 
'b' From these readings, one can get an esti¬ 
mate of the force between the two charged 
spheres A and B Repeat the experiment for 
vanous positions of A, without altenng the 
charges on the two balls. 

X = b-a is a measure of the force between 
the two charged pith balls. When the pith ball 
IS not charged, it hangs vertically down because 
of the gravitational force mg and occupies the 
position ‘a’ on the scale. Because of the force 
of repulsion between the two charges A and B, 
the suspended pith ball swings and occupies the 
position 'b' on the scale. Now there are three 
forces acting on B. Force mg due to gravity 
vertically down, force F, a force of repulsion 
between A and B and tension T along BP (Fig. 


l. 15b). The suspended spherical ball B has 
swung through an angle G In equilibrium, we" 
have 

tan 0 = F 
mg 

or X - F 
L COS0 mg 
If 6 is very small, then 

mg ^ = F 

m, L are constants and therefore 

F <x X 

Thus we find that the displacement x is a mea¬ 
sure of the force F. 

With the above set of leadings, plot varia¬ 
tion of X with J_. You will find that F varies 
cP 

inversely as the square of the distance rf. 

Thus two spherical charges repel each otlicr 
with a force varying inversely as the square of 
the distance separating them. 

For obtaining accurate and reliable results, 
work on dry day. Also see that there are no air 
currents in the wooden box. You can dry the 
air inside the box by hot air drier Then wait 
for about 15 minutes so that temperature in the 
entire space inside the box becomes uniform. 
Then it will not cause any air current inside the 
box. 

Note' The above experiment makes a good 
classroom demonstration with following alte¬ 
rations. The scale in window Gj is a strip of 
tiansluscent mm graph paper. The back of the 
box should also be of clear glass, so that a 
60 watt bulb placed about 50 cm away behind 
the box casts shadows of both the balls on the 
scale. Figure 1.16 shows a view of the app.'tr- 
atus as seen from the top. You may replace tiic 
ball mounted on the ebonite/plastic rod bj a 
larger ball A, about 5 to 7 times in diameter 
compared to the ball B Surface of A is also 
made conducting before mounting it on the rod. 



Observations. Position of suspended ball when uncharged, a, - 


SNo Posilm 'c' of Displaced position Displacement x of distance d between \lS 

the charged ball A 'b' of charged ballB ball B A and B 

(cm) (cm) x = ba (cm) d =b-c (cm) 


GOW bulb, 

o'''' 



Transparent glass 

L 


k h' ^ 

° Translucent scale 


Fig. 1,16 lop view of the Coulomb's taw appar lus 
modified for classroom demonstration 

Then small ball becomes the lest charge with 
the help of which you can demonstrate the char- 
acterisucs of the electric field produced by 
charged ball A. 

1.13 (Activity): To make a low cost torsion 
balance and study the variation of force 
between two spherical charges as a function 
of the distance separating them. 

You can study the variation of force between 
two charged spherical conductors as a function 
of the distance separaung them with a torsion 
balance commercially av^able, which has been 
de.‘'cribed in your text. It is possible to make 
a low cost torsion balance for yourself. 

Take a wide mouthed glass jar A of about 
5 litre capacity and support a long unspun nylon 
thread B from top (Fig.1.17). At the top, the 
thread passes through a narrow gauge glass 
bushing on which rests a fine straight thin rod 



Fig 1.17 Improvised torsion balance made in a 5 litre jar. 

C which can be rotated round the vertical axis. 
Its position can be marked on the circular scale 
D. Make a circular scale S along the circum¬ 
ference of the glass jar. At the lower end of the 
nylon thread attach a thin capillary glass tube 
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GH Attach a coated pith ball G at one end of 
this capillary tube as shown Suspend the capi¬ 
llary GH so that it IS horizontal GH should be 
at the same level as scale S. 

Take a cork E of suitable size and fix into 
It with a thin glass rod another coated pith ball 
F. Adjust the height of F such that F and G arc 
at the same level 

Figure 1,18 shows a top view of the two pith 
balls and circular scale S You can look along 


9 ? 



KIk 1 18 top view of ihe tonion balance in ! hire jar. (The 
,160 'prolranur and indicator at the lop pf the jar are not 
ihownj 


the rod GH and thus note the scale reading at 
which axis of the rod passes, i c the angular 
position of the pith ball G on the scale S. 
Similarly! by looking along the line joining pith 
ball F and nylon thread, you can find the angu¬ 
lar position of ball F on scale S. 

Now introduce a charged ebonite rod into the 
jar through the hole in the top circular D. Touch 


the balls F and G by the rod and take it out. 
Due to force of repulsion between them, the 
separation between them increases. Note the 
new angular position of the suspended ball G 
and thus find its deflection (Qj-O,), Torsion (]) 
in the Figure is thus equal to for angu¬ 
lar separation 0 between the balls equal to 

(W- 

Next, turn the indicator of the circular scale 
D by say, 15* clockwise (m figure 1.18), As the 
nylon thread is suspended by this indicator, the 
separation between Ihe balls decreases. Note the 
new position Gj of ball F. Then torsion i() in 
the fibre is equal to ( 03 - 0 ,+l 5 ') for the angu¬ 
lar separauon 0 between the balls equal to 
(Sj-GJ In this manner, bring the balls closer 
and closer and note the increasing force of 
repulsion. 

Instead of a qualitative experiment as 
described above, you can also make a quanti¬ 
tative study of Coulomb’s Law by this appar¬ 
atus, though the results may have large error, 
Keep Ihe pith ball F on the cork at same dis¬ 
tance r from the centre, as the suspended ball 
G This may be checked by rotating the indic¬ 
ator on the scale D (before charging the balls) 
so that the two balls come in contact There¬ 
after, note the position, G^ of Ihe ball F and do 
not disturb it throughout the experiment. Then 
for an angular separation, 0, distance d between 
the balls is 


d = 2r sin_ 

2 


If torsion constant of the nylon fibre is t and 
torsion in it is <p (where value is G^ - 0,, m first 
reading, Gj-Gj-t-lS* in second reading, and so 
on) then force of repulsion between the balls 
for angular separation 0 is: 

force of repulsion = x ^/{r cos ..® ) 
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Since x and r are constants of the apparatus, d 
IS proportional to sin 


and force of repulsion is proportional to 
<ti/cos A 


Hence, according to Coulomb’s law, you would 
expect a graph between (j)/cos ® versus 


(sin 0/2)'^ to be a straight line. 


1.14 (Activity): To study the principle of 
supA'position of electric fields. 

Take a charged pith ball and suspend it with 
an insulating thread, Note the initial vertical 
position C of the pith ball. Make sure that there 
are no other charges around the pith ball. Now 
take a sphere (A) fixed on an insulated stand 
and charge it with the same kind of charge as 
on the pith ball. Place this charged sphere at 
position A near the pith ball, The pith ball 
would experience a force due to the charged 
sphere and get displaced to position X, The dis¬ 
placement CX is a measure of the force of 
repulsion at distance AX in the dueciion CX 
(Fig. 1.19). Next, remove the charged sphere 



from position A Bring another similarly 
charged sphere B fixed on an insulating stand 
and place it at a point B such that the lines AC 
and BC are at nght angles to each other Note 
the position Y to which the pith ball C moves 
under the influence of the force due to charge 
on sphere B CY is now the measure of the 
force of repulsion between charges on pilh ball 
C and the sphere B. Now put both the charged 
spheres simultaneously in their respective posi¬ 
tions at point A and B. The pith ball will now 
simultaneously experience two forces viz., one 
due to A and another due to B and will get dis¬ 
placed to a new position z. With these obser¬ 
vations, verify that the field due to the sphere 
A at z and field due to sphere B at z add vec- 
tonally. Take care that you have to take the two 
fields forposmon z of the ball C. Electnc fields 
produced by a number of charges at a point add 
vec tonally. 


TOPIC IH' ELECTROSTATIC INDUCTION 

1.15 (Demonstration): To demonstrate that 
a charge can be induced in a body under the 
influence of an electric field due to another 
charged body. 

Take two metal rods AB and CD, place them 
on two glass beakers E and F so that the rods 
touch each other as shown in figure 1.20 (a). 
Bring a charged plastic stnp close to the end 
D of a metal rod. The plastic strip is negatively 
charged. It produces an electric field in such a 
way that the relatively free electrons in the 
metal rods are repelled away. Thus there is a 
paucity of electrons at the end D of the metal 
rod and excess of electrons at the end A of the 
other metal rod. Now separate the glass beak¬ 
ers so that the metal rods do not touch each 
other (Fig. 120.b). The plastic strip is pow 
removed. The excess negative charge on the rod 
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AB now gcLs ciisiributcd all along the rod. Sim¬ 
ilarly, ihc posiiivc charge on the other rod gets 
distributed along CD Test the charge on the 
two metal rods and verify that they are oppo¬ 
sitely charged, The charge on the plastic strip 
IS called the inducing charge and the charge on 
ihc metal rods is called the induced charge. 
Questions: 1. If positively charged ebonite rod 
is brought near the end D instead of a negatively 
etwrged plastic strip in the above experiment, 
will you be able to charge the two metal rods? 
What will be the charge on the rod AB and on 


1 

a 

A 


A* 




la) 


= 11 == 


(111 


Fig. 1.21 (a, b) 
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the rod CD'> 

2. Do you think that the charge on tltc AB 
is equal and opposite to the charge on the rod 
CD”? 

3. Can you guess what will be the i elation- 
ship between the induced charge and tlie induc¬ 
ing charge? 

1.16 (Oc-iiionstratioii): To 'uCUiOoSli utc ikat 
the induced positive charge <)i>d the corres¬ 
ponding induced negative charge on u con¬ 
ductor due to the field of a charged body 
are equal and opposite. 

Take a gold leaf electroscope and place a metal 
can A on the disc of an electroscope as shown 
in the Figure 1.21. Take a metal ball B with 
a long insulating handle C Charge the metal 
ball positively by rubbing it against a silk cloth. 
With the insulating handle, lower the metal ball 
inside the can A (Fig 1.21a). What do you 
observe? You will see that the leaves of the 
electroscope diverge showing that they are 
charged. The metal ball induces a negative 
charge on the inner surface of the metal can A 
and positive charge on the outer surface of the 
can, the disc of the electroscope and the leaves 
of the electroscope. 

Remove the ball from the can. You will 
observe that the induced negative charge on the 
inner surrface of the can, neutralizes the pos¬ 
itive charge on the outersurface, disc of the ele¬ 
ctroscope and leaves of the electroscope and 
consequently the leaves collapse. There is now 
no net charge on the leaves. 

Lower the metal ball in the can more and 
more, you will observe that the leaves diverge 
more (Fig. 1.21b) In this case too, on remov¬ 
ing the ball from the can, you observe that the 
induced negative and positive charges neutra¬ 
lise each other. 

See what happens when the metal ball 
loxhcs the inner surface of the can, after having 


lowered it deep Explain your observation 

1.17 (Demonstration): A charged body 
attracts an uncharged body due to the pro¬ 
duction of induced charges on the uncharged 
body in the field of the charged body 
Take a pith ball A about 5 mm in diameter. Coat 
its surface willi a conducting ink and suspend 
it as shown in the fig. 1.22. Bring a charged 
metal rod B supported on an insulating stand. 
You will notice that the pith ball A ts attracted 
to the metal rod. 

The metal rod B is charged negatively. It 
induces positive charge on the hemispherical 
surface close to the metal rod and a negative 
charge on the hemisphencal surface away from 
the rod as shown m the figure. Since the dis¬ 
tance between the positive charge on the sur¬ 
face of the pith ball and the metal rod is smaller 
than the distance between the negative charge 
on the surface of the pith ball and the metal rod, 
there is net attraction between the metal rod and 
the pith ball. 

In much the same way, a charged body 
attracts pieces of paper. 

1.18, (Demonstration): To demonstrate that 
the attraction between a charged and an 
uncharged body is due to the charges 
induced on the uncharged body. 



Pig. 1.22 Induction precedes jstraclion 
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Take a large conical metallic body A, mounted 
on an insulating stand, Suspend a pith ball 
coated with conducting ink about 3 cm away 
from the sharp end of the metallic conical body 
A as shown in the figure 1.23. Place a metallic 
sheet C another 3 cm away from the suspended 
pith ball. The metalhc sheet is earthed. Charge 
the conical body by rubbing it with a silk cloth. 
The pith ball B is attracted to the conical metal¬ 
lic charged body because of the charges induced 
on the spherical pith ball as in the earlier 
demonstration. Because of attraction, the pith 
ball swings and touches the metallic charged 
body. As soon as thCpith ball touches the coni¬ 
cal body, the pith ball acquires positive charge 
from the conical body by the process of con- 



Flg. 1.23 

duction. Since the pith ball has now acquired 
similar charge as that on the metallic body there 
is repulsion between the pith ball and the coni¬ 
cal body. As a consequence, the pith ball swings 


now on the other side and touches the earthed 
plate C As soon as the pith ball touches the 
plate C, the charge on the pith ball leaks to the 
earth and the pith ball becomes uncharged. 
Consequently it tnes to go back to its central 
position. As it leaves the earthed plate C, the 
pith ball acquires induced negative charges 
which causes attracdon between the pith ball 
and the conical body. The whole process repeats 
and It is a pleasure to see the oscillations of the 
pith ball, 

1.19 (Demonstration): To demonstrate the 
force of attraction between a charged comb 
and an uncharged umbrella. 

Hang a large umbrella AB horizontally by a 
piece of iwme (a strong thread). Comb your dry 
hair with a comb so that it gets charged. Bring 
the charged comb near one end of the sus¬ 
pended umbrella (Fig. 1.24). The comb is neg- 



auvely charged. It induces a positive charge on 
the end B of the umbrella and a negative charge 
on the remote end A of the umbrella. Smee the 
negative charge on the comb is nearer the posi¬ 
tively charged end of the umbrella than the neg- 
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atively charged end, there is a force of attrac¬ 
tion between the end B and the comb. This 
force of attraction causes the umbrella to rotate, 

1.20 (Activity): Attraction between a charged 
and an uncharged body. 

(a) Balance a metre scale on the inverted sur¬ 
face of a watch glass (Fig, 1.25a) Bnng a 
charged plastic pen near one end of the scale 
and observe what happens 




—— 

A B 

(b) 

Fig. 1.25 (a, bj 

(b) Let a thin stream of water flow out of a tap 
about 100 to 120 cm above the ground (Pig. 
1.25b), Bring a charged ball pen with aplasUc 
body near the water stream and observe what 
happens 

l.2l (Demonstration): To charge a body by 
induction, 

Take a gold leaf electroscope. Place a metallic 
can on the disc of electroscope. The can has 
no charge and the leaves of the electroscope are 
parallel to each other. Insert a charged metallic 




.(C) (d) 

Jig. 156 Charging a conductor by induction 

ball in the can by holding it with an insulating 
rodt:. Do not touch the surface of the can. The 
charged metallic ball induces a negative charge 
on the inner surface of the can and a positive 
charge on the outer surface of the can and the 
leaves of the electroscope.The leaves diverge 
(Fig. 1.26a). Now touch the outer surface of the 
can and thus earth it (Fig, 1,26b). Electrons flow 
from the earth to the outer surface of the can 
and the leaves of the electroscope to neutralise 
the positive charge The leaves will collapse 
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because they have lost iheir charge Remove the 
earth connection (Fig 1 26c) and, thereafter, 
raise the charged metal ball and take it out of 
the can (Fig 1 26d) You will find that the 
leaves diverge indicating a charge on the can. 
The excess electrons which were held by attrac¬ 
tion of ball B on the inner surface of the can, 
now get distributed giving the can and the 
leaves a negative charge Thus, through this 
process you can charge a body by the process 
of inducUon, Note that the charge thus induced 
is always opposite to the inducing charge. 

The induced positive charge which got neu¬ 
tralised on earthing the can is called free charge 
The induced negative charge held by attraction 
of ball A on inner surface of the can is called 
bound charge. 

1.22 (Demonstration): Charging a body by 
an electrophorus. 

An clccuophorus is schematically shown in Fig. 
1 27. It consists of a thick (about 2 mm) disc 



Fig. 1.27 An tkclrophorus 


D (radius about 7.5 cm) made of ebonite or poly¬ 
thene fixed in the wooden base B. There is a 
metal disc M of a diameter slightly less than 
the diameter of the ebonite disc. This metal disc 
is filled with an insulating handle H, so that you 


can hold it without the charge on the metal disc 
leaking away The metal disc is fitted with a 
small metal knob K. ' ‘ 

Rub the ebonite disc with a woollen cloth to 
charge it negatively. Now place the metal disc 
on the top of the ebonite disc. The negative 
charge on the ebonite disc will repel free elec¬ 
trons m the metal disc to create a deficiency of 
electrons on the surface of the metal disc touch¬ 
ing the ebonite disc. It correspondingly produ¬ 
ces extra electrons or negative charge on the 
upper surface of the metal disc. Now earth the 
upper surface of the metal disc. In so doing, the 
negative charge on the upper surface of the 
metal disc leaks to the earth. Remove the earth 
connection. Now remdve the metal disc with 
the insulating handle Touch the knob of the 
metal disc to a large metal sphere connected to 
the disc of a gold leaf electroscope. You will 
see that the leaves diverge. The electroscope 
and meul sphere have been charged by con¬ 
duction 

Place the metal disc M, again on the ebonite 
disc D. Touch the upper surface to earth it, 
remove the earth connection, lift the metal disc 
and touch the charged metal sphere and the 
electroscope with us knob K You will see that 
the leaves diverge further, You have now 
charged it more. You can repeat the process and 
successively charge the sphere connected to 
electroscope 

Tlie charging of a body by using an electro- 
phorus can be quite spectacular in the follow¬ 
ing way. 

Take an insulated stool and request your 
friend to stand on it. Charge your friend, as you 
charged the metal sphere earlier, successively, 
You will find on a dry day, after about one hun¬ 
dred chargings, your friend’s hair standing up, 

Note: From the above demonstration, it appears 
that you can charge a body (metal sphere or a 
student) with an infinite amount of charge. 
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This is not tnie. Wliatessenually happens is you 
are transferring the negative charge (electrons) 
to earth from the metal sphere or the student. 

You have seen that when you earth the top 
surface of the metal disc, you allow the elec¬ 
trons from the top surface to flow to earth. After 
removing earth connection, the metal disc has 
deficiency of elatrons and tlius gets positive 
charge. When you touch the electroscope with 
the knob K of the metal disc, electrons flow 
from the metal sphere or the student to the metal 
disc. In the process, electrons are transferred 
from the metal sphere/student to the earth. 

.1J13 (Activity): To make an improvised elec- 
trophorus. 

Take 5 cm duck thermocole sheet of about 25 
cm X 25 cm in size. The smoother the surface, 
the better it is. You may choose a suitable one 
from several pieces. To a plane aluminium sheet 
(22 SWG) of about 20 cm x 20 erh fix a wax 
candle, at its centre. Rub the Ihermocole sheet 
with a smooth silk cloth or even or ordinary 
paper and charge it. Place the aluminium disc 
on the top of the thermocole sheet. Touch the 
upper surface of aluminium sheet to earth it. 
Remove the earth connection. Lift the alumin¬ 
ium disc with the wax candle You have 
charged the aluminium disc. This simple elec- 
trophorous serves admirably well to charge a 
body, You can'see’the charge on the alumin¬ 
ium disc. As you bring your knuckle close 
enough, a spark can be seen to jump from the 
aluminium disc to your finger. 

1.24 (Demonstration}: To demonstrate the 
phenomenon of electrostatic shielding. 

(a) Take a gold leaf electroscope and charge it 
negatively. Bring a negatively charged eborate 
■rod near the disc of electroscope. The ebonite 
rod IS charged negatively. The ebonite rod indu¬ 
ces a positive charge on the disc of the elec¬ 


troscope and negative charge on the leaves of 
the electroscope As a consequence the leaves 
diverge more and more as you bring the ebo¬ 
nite rod closer to the disc of the electroscope 
You can thus influence the charge on ihe elec¬ 
troscope leaves by bringing chaigcd bodies near 
the disc D of the electroscope. Now lower the 
can C gradually to contain the disc D (Fig 
1.28). Earth the can. Now bring the charged 



Fig. 1.28 The earthed can C sheids the disc D from the 
field of ebonite rod 

ebonite rod near the disc of the electroscope as 
in the previous case, you now see that the 
presence of the charged ebonite rod liardly 
affects the leaves of the electroscope. This 
shielding is called electrostatic shielding. 

(b) These days you get electronic regulators 
for the electric fans. These regulators can also be 
used to dim the light from the bulbs in the room 
appropriately. Take a small transistor radio 
receiver. When the fan is off, tune the transis¬ 
tor and bring it near the regulator. You will 
.no change in the quality of the music. Now 
switch on the fan and adjust the electronic reg¬ 
ulator. If transistor is clow to the regulator you 
will hear considerable disturbmice in the music 
Now wrap a thin copper foil or aluminium foil 
round the regulator and earth it. You will notice 
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that the quality of music has considerably 
improved. This has happened because the metal 
foil shields the transistor from the electrical dis¬ 
turbances generated m die regulator, 

You will thus see that a sensitive gold leaf 


B 



Fig, 1.29 A shielded electroscope 

electroscope which is supposed to measure 
charge accurately needs to be shielded properly 
so that ‘the neighbounng charges do not affect 
the leaves. In order to shield the electroscope 


Fig. IJO A sensitive shielded eleelroscdpe with Scale. 


properly, it is made in a metal can C (Fig. 1.29). 
In order to be able to see the leaves, the lid of 
the can is replaced by a circular glass sheet G. 
Thus there is no change m the divergence of 
leaves if an undesirable charge A is brought in 
at the sides or at the back of the electroscope. 
The stem E holding the leaves may be insulated 
from the earthed can by an insulated stopper D. 

Ir ordei lO make die electroscope more sen¬ 
sitive :uid capable of measuring the charge, the 
moving element is a light straw, I, with con¬ 
ducting surface instead of two metal leaves (Fig. 
130). A pm passes through the straw just above 
Its C G. and is held in two holes m the frame, 
F The straw is normally vertical when not 
charged. When it is charged, it repels the frame 
and rotates clockwise. The angle through which 
il rotates depends on (and tlierefore indicates) 
the amount of charge on ihe electroscope. Angle 
through which the indicator (i.e. straw) rotates 
can be measured on a scale S behind iL 
TOPIC IV ELECmiC POTEN HAL 
1.25 (Demonstration): To demonstrate the 
concept of potential. 

Take a pith ball of radius 2 or 3 mm coated with 
conducting ink. Suspend it with a silk, fibre 
about 10 cm long in a small stand. Do it in such 
a way that the position of the pith ball can be 
changed by shifting the stand. Charge the pith 
ball positively. Take a metal sphere of 5 cm 
radius on an insulating stand. Charge it posi- 
uvely. Suspend charged pith ball from posiUons 
A, B and C and note down the deflection in 
each case (Fig. 1,31) For this purpose a dry 
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paper, with a circular scale marked on it, may 
be fixed vertically behind the pith ball pendu¬ 
lum, but not touching it. The detlecuon increa¬ 
ses as the pith ball comes nearer the charged 
conductor. In each of the cases, if you want to 
bring back the pith ball to its equilibnum ver¬ 
tical position, you will have to do work. This 
woric is stored in the charged conductor and pith 
ball as electrostatic energy. If the pith ball were 
free to move without constraint of the silk fibre, 
then because of electrostatic repulsion, it would 
have moved away from the charged conductor 
indefinitely to be at an indefinite distance from 
the conductor The work done in bringing the 
charged pith ball from infinite distance to a 
point at a distance r from the conductor will 
increase as r decreases It can be shown by cal¬ 
culations based on Coulomb’s law that the elec¬ 
trostatic mutual potential energy varies 
inversely aS' the distance. 

1.2<i (Activity): Potential of charged body 
which moves against electrical force acting 
on it. 

You have seen earlier that if you bring the 
knuclc of your finger close enough to a charged 
conductor, a spark is seen to pass from the 
charged sphere to the finger. The field between 
your knucle (connected to earth) and the 
charged conductor becomes so large at small 
distances that air in between your finger and 
the conductor becomes conducting and charge 
flows from the conductor to the knucle. 

Charge the disc of an electrophorus by rub¬ 
bing Its ebonite disc rather bnskly so as to pro¬ 
duce as large a charge as possible. Place tte 
metal disc on the ebonite disc, touch it by a 
finger and remove the finger. Raise the metal 
plate. You have charged the metal plate with 
a charge opposite to the charge on the ebonite 
disc. When the metal plate is close to the ebo¬ 
nite disc, the spark does not pass if you bring 


a knucle of your finger close to the metal disc 
Put the metal disc on ebonite disc and repeal 
the process of charging, Now raise the metal 
disc from the ebonite disc by about 40 cm. 
Bring the knucle of your finger close to the edge 
of the metal disc. You will now see a spark to 
jump from the metal disc to your finger. In this 
case, you have lifted the disc against the force 
of electrostatic attraction between the charge on 
the ebonite disc and opposite charge on the 
metal plate. This work is stored in the pair of 
plates as electrostatic energy. This energy per 
unit charge on the metal plate is the potential 
due to the charge on the ebonite disc. 

1.27 (Demonstration); To demonstrate that 
the gold leaf electroscope can be used to mea¬ 
sure potential difference. 

Take a gold leaf electroscope shown in Fig. 
1,14. The two foils F and the base B arc earthed. 
This electroscope can be used to measure the 
potential of the metal plate of the previous 
experiment. 

Charge the ebonite disc of the electrophorus 
by rubbing it with a silk cloth. Place the metal 
disc on top of the ebonite disc of electrophorus. 
Touch the top surface of the metal disc and thus 
earth it. Now connect the knob of the metal disc 
B to the disc of an electroscope. The leaves of 
electroscope remain collapsed (Fig. 1.32a). 
Remove the earth connection (Fig. 1.32b). Then 
lift the disc. The divergence of the leaves 
increase as the metal disc of the electrophorus 
IS lifted up (Fig, 1.32c &. d). You have seen in 
the earlier experiment, the potential of the metal 
disc relative to the ebonite disc increases as you 
increase the separation between them. As the 
potenual of the metal disc increases, so does 
the divergence of the leaves. B y connecting the 
metal disc of the electrophorus to the metal disc 
of the electroscope, you bring the electroscope 
disc and the leaves to the same potential as that 





Fig. 132 (a, b, c, d, e, f) 

of the metal disc of the electrophonts. above, you will find that the leaves of the elec- 

Connect the disc of the electroscope to the troscope do not diverge even if you lift the 
foils F of the electroscope and place it on a metal disc of the electiophorus above the ebo- 
Wixk of wax so that it is insulated from earth nite disc and thus increase its potential. There 
(Fig. 1.32c). Repeat the experiment mentioned is no divergence of the leaves because the gold 
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leaves and foils F are at the same potential. 

It may thus be seen that the divergence of 
the leaves is essentially due to the potential dif¬ 
ference between the leaves (also the disc of the 
electroscope) and the metal foils F 
Notes: 1. You can also use the gold leaf elec¬ 
troscope to measure potential difference, if the 
disc of the electroscope is earthed and the body 
whose potential is to be measured is connected 
to the foils F (Fig. 1.32f), In this manner you 
create the potential difference between foils F 
and the leaves which is equal to potential dif¬ 
ference between earth and that body. 

2. If you have a D.C. power supply (0 to 500 
volts which is used for Millikan’s experiment) 
and a scale to measure the divergence of the 
leaves, you can calibrate the scale directly to 
measure the potenual difference between the 
foils F and the leaves of the electroscope in 
volts. , 

TOPIC V; CAPACITANCE OF A CONDUCTOR 
1.28 (Demonstration): To demonstrate that 
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the potential to which an insulated spheri¬ 
cal conductor can be raised by giving a cer¬ 
tain amount of charge depends upon the size 
of the conductor. 

Take three insulated conducting spheres A, B 
and C. A and B are of the same radius, where¬ 
as C has a radius twice that of A and B, Place 
the conductors A and B so that the conductor 
A touches the conductor B as shown in the 
Figure 1.33a Bring a negatively charged plas¬ 
tic strip near the conductor A This plastic strip 
will induce a positive charge on A and a neg¬ 
ative charge on B Separate the two conductors 
A and B while the plastic strip is still near the 
conductor A. Remove the plastic strip Now A 
and B have equal but opposite charges. 

Take a gold leaf electroscope with foils F 
connected to earth. Touch the disc of an elec¬ 
troscope (which has a scale to measure diver¬ 
gence of leaves or rotations of its indicator 
straw) with conductor A The leaves of the elec¬ 
troscope will diverge. Note down the diver¬ 
gence. Now remove A. Earth the disc of the 




Fig, 133 On being given the same amount of charge, the larger sphere acquires lower potential 
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electroscope The leaves will collapse Now 
touch tlie disc of the electroscope with the con¬ 
ductor B. You will see the leaves diverge again 
You will also notice that the divergence of die 
leaves now is the same as the divergence of the 
leaves observed when A touched the electro¬ 
scope. This shows that both A and B have been 
raised to the same potential because of equal 
charge on them (The potential of A is posiuve 
whereas that of B is negative) Discharge the 
electroscope 

Now keep the conductors A and C in con¬ 
tact (Fig 1.33b) Bring as before a negatively 
charged plastic strip near the conductor A A 
will acquire positive charge and C will acquire 
equal but negative charge by induction Sep¬ 
arate the two conductors A and C Measure the 
potential of A and C with a gold leaf electro¬ 
scope. You will find that the divergence of the 
leaves of the electroscope is less when C is con¬ 
nected to the electroscope than the divergence 
of the leaves when A is connected to the elec¬ 
troscope. This shows that C has been raised to 
a numerically lower potential than that of A, 
(A has posiUve potential, C will have negative 
potential because charge on A is positive wher¬ 
eas the charge on C is negauve) you can take 
a number of insulated metallic conductors of 
varying shape and size (sphere of different 
radius, cylinders of varying radius) and note the 
potcnUal to which they are raised by giving 
them the same charge. You will observe that 
the potential to which an insulated metallic con¬ 
ductor can be raised by giving a certain charge 
depends on the size and shape of the conductor. 

1.29 (Demonstration); To demonstrate that 
the potential to which an insulated metallic 
conductor is raised depends upon the charge 
on th^ conductor. 

Take an electrophorus described earlier. Take 
an insulated spherical conductor A which is 


charged successively with an electrophorus 
Take a gold leaf electroscope to measure the 
potential of the spherical conductor Keep it 
connected to the conductor. Note divergence of 
leaves each time you deliver some charge to 
conductor by the disc of electrophorus. 

You will notice that the potential of the 
metallic conductor increases as you charge the 
conductor successively. 

Indeed there is a linear relation between the 
charge on the conductor and the potential to 
which It is raised. The constant of proportion¬ 
ality, i.e. ratio of the charge on the conductor 
to the potential to which it is raised, is called 
the capacitance of the conductor. 

Question You have seen in demonstration 1 29 
that a bigger spherical conductor acquired a 
lower potential than tliat acquired by a smaller 
spherical conductor on giving them equal 
amount of charge Which of the conductors has 
a larger capacity'^ 

1.30 (Demonstration): To demonstrate that 
the potential of a conductor depends not only 
on the charge acquired by it but also on the 
presence of other charged or uncharged ebn- 
ductors in the surroundings. 

(a) Take a small spherical conductor on an insu¬ 
lating stand Connect It to an electroscope. Rub 
the metal sphere with a silk cloth. The sphere 
acquires a posmve charge and, because of its 
capacitance, a certain potential. This potential 
is measured by the electroscope by the diver¬ 
gence of the leaves (Fig. 1.34a). Now bring 
another negatively charged body (say, a thick 
ebonite rod or vinyhte strip rubbed by dry 
woollen cloth). As you bring this negatively 
charged body near the spherical conduc¬ 
tor, the leaves of the electroscope collapse (Fig. 
1.34b). If you bring this negatively charged 
body very near the spherical conductor, the 
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Fig. 134 (a, b, c) - 


leaves diverge again (Fig. 1.34c). Since elec¬ 
troscope measures the potential of the connected 
metallic spherical conductor, it is seen from the 
above demonstration that the potential of the 
spherical conductor can be changed by bnng- 
ing another charged body close to it, 

(b) Connect a metallic spherical conductor in 
an msulated stand to the disc of an electroscope 
Connect the disc to the earth and ensure that 
both the metallic spherical conductor and the 
electroscope are at earth potential. Remove the 
earth connection Bang a negauvely charged 
vinylite strip near the spherical conductor You 
will find that the leaves of the electroscope 
diverge indicating that the metallic spherical 
conductor has acquired a potential. 

Note: The above experiments can also be done 
by a positively charged strip and the metallic 
spherical conductor charged negatively or ini¬ 
tially at earth potential. In fact, potential of a 
body whether its charge is positive or negative 
or zero, is affeeted by any other charge in its 
vicinity. 

TOPIC VI CAPACITANCE OF A CAPACnOR 

1.31 (Demonstration): To demonstrate that 
on bringing an earth connected conductor 


near a charged conductor, the potential of 
the charged conductor decreases and the 
capacity of the system (charged conductor 
and earthed conductor) increases. 

Take two glass plates of roughly 30 cm x 30 
cm. Paste aluminium' foil on one of the flat sur¬ 
faces of each glass plate. Let aluminium foil 
extend a little beyond one edge (Fig. 1.35) so 
that by folding it, one can make electrical con¬ 
nection with the help of a metal clip. You can 
charge the aluminium foil of one of the glass 
plates positively with an electrophorus. Place 
It on 4 wax blocks and then place 3 mm thick 
separator blocks of about 2 cm x 2 cm at four 


Glass sheet, Metal loll 



Fig. 135 
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comers. Place on top of these separators the 
second glass plate coated with aluminium foil. 
The aluminium foil coated faces should face 
each other (Fig 1 36). The upper plate has ait 



Folded edge Table surface 


Fig, 136 Improvised parallel plate cappcitor Distance 
between plates can be varied by using different sets ff glass 
spacers 

ebonite or plastic handle of suitable thickness 
(say a rod of length 20 cm and diameter 25 cm) 
fixed in the centre of glass side, for lifting it. 
As soon as you put the other glass plate on top 
of the first, the leaves of the electroscope col¬ 
lapse a bit. Now earth the aluminium foil on 
the upper glass plate. As you'earth it, the leaves 
collapse significantly indicating that the poten¬ 
tial of the charged aluminium foil has substan¬ 
tially decreased or the capacity of the system 
has increased. You will find that the capacity 
of the system increases as the separation 
between the two glass plates decreases. 

1.32 (Demonstration): To demonstrate that 
the capacity of parallel plate capacitor 
depends upon the medium separating the 
two condenser plates. 

Take an assembly of parallel plate capacitor 
consisting of two glass plates coated with alu¬ 


minium foil on one of the faces of each oi the 
plates and separated by separators. Charge one 
of the aluminium foils and earth tlie otliei and 
thus make a capacitors as described in demon¬ 
stration 1,31. Measure the potenpal of the 
charged aluminium foil with a gold leaf elec¬ 
troscope. The separation between the two plates 
should be about 4mm. Now insert a 2mm thick 
plastic sheet in between the two glass plates. 
Observe the potenbal with the gold leaf elec¬ 
troscope on inserting the plastic sheet (Fig 
1.37). You will notice that the deflecuon of the 
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Fig 137 A set-up to study the effect of dielectric plate 
on the capacitance of parallel plate capacitor 


gold leaves decreases on inserting the plastic 
sheets indicating that the capacity of the con¬ 
denser has increased. Try inserting sheets of dif¬ 
ferent materials such as glass, ebonite, etc m 
between the two glass plates of the condenser 
and observe the decrease in deflection of the 
gold leaf electroscope in each of the case. You 
will observe that the capacity of a parallel plate 
condenser depends upon the material separat¬ 
ing the two capacitor plates. 

DIELECTRIC CONSTANT OF AN INSUUTOR 
The ratio by which the capacitance of a capacitor incre,' 
ses when space between the 'wo plates is completely filled 
by an Insulating matenal instead of air (stnctly speaking, 
Instead of vacuupi), is called the dielectric constant of that 
material In Uie above demonstration 1 32, since the insul¬ 
ator plates only partially fill the space between the two plates 
and them is lot of air space left, the inciease in capaatance 
in each case is m a ratio less than the dielectric constant. 
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For eleclronic crrcmis tlicrs is always a need to have capac¬ 
itors of small size having a specified capacitance and cap¬ 
able of withstanding a certain potential difference between 
tlie plates This is achieved by using insulatmg materials 
of high didectnc constant For some appheabons, however, 
tlie beat material is not necessanly the one with highest die- 
Rctnc constant There are other considerations too Mica, 
for instance, is among the best matenals used for making 
standard capacitors, though, its diclcclnc constant is quite 
low (see table I in data section) 

TOPIC Vn. PRODUCTION OF HIGH PO'FENTIAL 
DIFITiRENCE 

1.33 (Demonstration/Activity ): To demon¬ 
strate the production of high potential using 
a 9-volt battery. 

Make a parallel plate condenser as in demon¬ 
stration 1.31. Separate the two glass plates by 
a waxed tissue paper. (You can make a wax 
tissue paper by soaking the tissue paper in 
molten wax as described in Appendix 1). Con¬ 
nect the positive terminal of a 9 volt battery (6 
dry cells connected in series in battery box) to 
the aluminium foil on the lower glass plate. 
Similarly connect the aluminium foil on the 
upper glass plate to the negative terminals of 
the battery ^ig. 1 38a). The potential differ- 



Fig. 1 38a 

ence between the two aluminium foils on oppo¬ 
site glass plate is now 9 volts. 

Connect the aluminium foil on the lower 
iiiate to the foils F of an electroscope, which are 
earthed and connect the aluminium foil on the 
upper plate to the disc of an electroscope. The 
electroscope in this arrangement measures the 
potential difference between the two aluminium 
foils. The potential difference between the two- 
aluminium foils on opposite glass plate is 9 


volts This IS far too small for the electroscope 
to show appreciable deflection. In charging the 
condenser to a potenhal difference of 9 volt, you 
have transfered some charge to the upper plate. 

Now disconnect the connection of the bat¬ 
tery to the aluminium foil on the upper glass 
plate, hold the insulating handle of upper plate 
in hand and raise the upper glass plate slowly 
and observe what happens to the leaves of the 
electroscope You will find that the leaves 
diverge more and more as you lift the upper 
glass plate, indicating that now the potenbal dif¬ 
ference between the two aluminium foils on 
opposite glass plates has increased 
Note . 1. This experiment can also be (in fact, 
still better be) done by using a thin P V.C. sheet 
as the dielectric instead of wax soaked tissue 
paper, P.V.C. sheet may be taken from the 
common PVC bags used for packing matenals. 

2. A battery is normally a source of electric cur¬ 
rent A question may be asked that how is it 
that It provides electric charge to the capacitor 
plates. Certainly a steady current does not flow 
in the circuit, as the two plates are separated 
by an insulator However, a current flows for 
a short while, as can also be tested'by inserting 
a very sensitive galvanometer (suspended coil 
type) m series with the battery. Since this cur¬ 
rent charges the plates, it infers that flow of 
electric charge constitutes an electric current 

3. The mechanics of the passage of a pulse ot 
current in the capacitor is as follows. The neg¬ 
ative terminal of the battery supplies electrons 
to the upper plate. This negative charge pro¬ 
duces equal amount of induced positive charge 
on the lower plate. Electrons in the lower plate 
are repelled to go back to the positive termina' 
of the battery. As the charge on the plates 
increases, the potential differr nee between the 
plates increases, till it becom equal to that of 
the battery. When this happens, the current stops 
because p.d. between the plates "and p.d. 
between battery terminals tend to flow currents 
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m opposite direcuons m the circuit (Fig 1.38b). 
4. This demonstrauon can be done equally well 
by connecting lower plate of the capacitor to 
negauve terminal of the battery, 

r i 
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Direcllon of currom II charged 
capacitor was rot there 
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Direcllon ol currenl If 
Battery was not there 


Fig U8 

1.34 (Demonstration): To demonstrate a 
school-type Van-de-Graaff generator and 
charge it to a high potential. 

Large Van-de-Graaff generators are used to 
produce potential difference upto 14 million 
volts for acceleraUng atomic panicles for 
nuclear research programmes. If a simple Van- 
de-Graaff generator is available for demonstra¬ 
tion in the classroom, its functioning may be 
demonstrated and its parts be explained. Fig. 
1.39 shows the essential parts of a simple Van- 



de-Graaff generator. 

The base B is made of metal and is earth 
connected. A perspex roller P placed m it is 
driven by a small electric motor, thus moving 
a rubber belt, on it. A comb (a senes of 
sharp metallic points) T^, is placed at a few 
millimetres from the belt It is earth connected 
The belt runs inside a tall plashc pillar, I (which 
is a good insulator). On this pillar is supported 
the collecting sphere C Inside the sphere is 
fixed a polythene roller Q which is dnven by 
the rubber belt. Another comb T^ is fixed 
inside the sphere C and is kept at a few mil¬ 
limetre from the rubber belt. 

Initially a positive charge is produced on the 
motor-driven perspex roller by friction between 
It and the rubber belt. This charge induces a 
negative charge on the earthed comb T, by 
drawing electrons from earth. As the clectnc 
field near sharp points is quite strong, air mol¬ 
ecules are attracted towards them, get charged 
(negatively) and then thrown off towards the 
roller P. By this electric wind, negative charge 
from sharp points of T^ is "sprayed" on the 
outside of the belt and carried upwards 

The comb T^ is connected on the inside of 
sphere C, when the negative charge on ur"', wd 
imoving belt reaches opposite T i jsitive 
charge is induced in , .cpulsion of 

electrons in T^ with the belt. These electrons 
reach the sphere C and charge it negatively. An 
electric wind is set up between T^ and belt 
which not only neutralises negative charge of 
the belt but also charges it positively, because 
polythene roller inside the belt gets negatively 
charged due to friction between rubber and pol¬ 
ythene. 

A large force of repulsion is set up between' 
negative charge on the collecting sphere and 
negative charge on the upward moving belt. 
Similarly, a large force of attraction is set up 
between negative charge on collecting sphere 
and the positive charge on the downward 


Fig. IJ? A simple Van-de-Graaff generaK^ 
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moving bell. The motor driving the roller, there¬ 
fore, has to do work against these forces. This 
energy is stored in sphere C as the potential 
energy of negative charge on it 
B y putting polythene roller in B and perspex 
rollers in C, this generator will collect posiuve 
charge on the sphere C 
An interesting activity to demonstrate the 
high potential generated by the machine is to 
put a wig on die stihere C. Within a few seconds 
after the motor is switched on, potential of 
.sphere C becorpes so high that tlie hair stand 
up Do not try to take spark from the sphere on 
the knuckle of your finger, as it can be dan¬ 
gerous (see table 2 in data section). 

i -.ctivity): To make a simple Van-de- 
Grardf tp'nerator. 

A simple Van-dc-Graaff generator can be made 
is a students’ project at a very low cost and with 
relative case. Use a circular aluminium baking 
pan tor the base (Fig, 1,40a) It is put upside 


down. In the centre of the bottom of the pan, 
which is now the up-side, cut a square hole 7 5 
cm X 7.5 cm. 

Over this opening fix a tall plastic cyhnder 
whose inside diameter is at least equal to dia¬ 
gonal of the square hole, with the help of 8 alu¬ 
minium angles of about 12 mm x 12 mm. The 





Fig 1.40 
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figure shows these parts separated out, for the 
sake of clarity. 

Now, open a 20 cm or 25 cm metallic geo¬ 
graphy globe at the equatorial seam. (If a geo¬ 
graphy globe IS not available, use two semi- 
spherical pans, placed face to face to form an 
approximate sphere). Cut a circular hole in the 
centre of the lower semi-sphere so that it slips 
over the fop of the plastic cylinder tight fit Fix 
the lower semisphere on the top of the plastic 
cylinder with the help of 8 aluminium angles 
of about 12 mm x 12 mm. 

Next, place into the lower semi-sphere a cir¬ 
cular plywood disc of about 15 cm diameter. 
In the centre of the disc make a square hole 7.5 
cm X 7 5 cm Mount two aluminium angles of 
about 3 cm X 3 cm on two opposite sides of 
the hole and bolt them to the plywood. Then 
place an aluminium rod as a shaft through the 
upper holes of the angles. Remove the shaft and 
slip a polythene roller over the shaft to serve 
as an upper pulley for the rubber belt, which 
will be later fitted over it. 

Then fit the shaft back into the angles. 

Fasten 5 cm x 5 cm square piece of copper 
wire mesh such that there is a few mm gap 
between it and the polythene roller. When belt 
will run on the roller, the sharp ends of the 
copper wire mesh will be 1 mm or 2 mm away 
from the outer surface of the belt. The mesh is 
a little above the honzontal plane of the shaft 
and serves as the upper electrode. By a short 
length of copper wire, connect this mesh to the 
metal of the lower half of the sphere. Then fix 
the upper semisphere in position. 

Procure two miniature 3 volt mbtors of the 
type sold in hobby shops. Bolt them to the 
inverted bottom of the pan and inside the pan 
so that their shafts face each other. They are 
connected to a dry cells battery in such a way 
that the motors run in the same direction when 
their shafts are facing each other, so that the 
belt is driven in the same direction by both 


motors. The shafts of the two motors facing 
each other fit into a 5 cm roller of perspex, First 
drill a small hole in the centre of each plane 
face of the roller Then force the shafts of the 
motors into opposite ends of the perspex roller 
A cyhnder of wood can also be used if it is fust 
tlioroughly treated widi clear hsequer, which 
makes the wooden surface a belter insulator and 
gf,rs pos'.tivelj charged on friction witli the 
rubbei” bell. 

Now slip a rubber belt about 1,5 mm thick 
and 3.1 cm to 4 cm wide over the upper and 
lower rollers (Fig. 1.40b). Then fix a coppei 
wne mesh in the bottom to serve a.s the lower 
electrode. It should be m same horizontal plane 
as the shafts of the two motors and about 1 mm 
or 2 mm away from the outer surface of rubber 
belt. 

To test the satisfactory operauon of the 
device, hold a stiff wire attached to a wooden 
handle. One end of the wire rests on the alu¬ 
minium base. The other end of the wire has a 
small metal knob in it. Gradually decrease the 
distance between the knob and upper sphere. 
At a certain distance, a spark is seen to jump 
between the knob and the upper sphere. Under 
dry dust free conditions at standard temperature 
and pressure, spark discharges of 1 cm, 7 cm 
and 12 cm length occur when the p.d.’s are 
roughly 30kV,250kV and750kV respectively. 
Upto 200,000 volt can be generated by your 
Van-de-Graaff generator, if you have properly 
constructed it. 

FLVE-ASH PRECIPITATOR 

An average coal-fired power stalion, where this device is 
noi used, throws about 30,000 kg. of flue-ash per hour into 
atmosphere causing much pollution. Precipitator is uisiEilled 
between the chimney and the main building which contain 
the coal bunkers, boiler house and uiiiwie hall It removeii 
99% of the ash from the flue-gases before tliey reach the 
power-station chimney, the out let for flue-gases to aimoa- 
pheic. Electrostatic precipiiation is also important in the 
steel, cement and chemical industries, where flue-gas out- 
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puls m high A piecipiuior is made, of a iiunibcr ut thin 
wires anil plales The wires arc negatively charged to a high 
potential. Strong elcctrosiaiic field near any wire attracts 
paiticlca of ash, gives them a little negative charge and then 
tcpcUs them. Tlie panicles are then attracted to the posi¬ 
tive plates From the positive plates, liiese arc collected 
mechanically and used as a by-pioduet 


TOPIC vm. GRAINY NATURE OF ELECTRICAL 
CHARGE 

*136 (Experiment): To study the grainy nature ofeltc 
trie charge and Hnd the magnitude of electronic chargi 
by Millikan’s oil drop cxperlm‘°nt > 
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NJ3, This IS a difficult experiment and may he attempted by 
mote skilled students, if the apparatus is available ui the school 
The whole class should study this experiment ilirough a film 
before any student lakes up this pracucal work 

Apparatus Two parallel plates, A and B of brass, each about 
5 cm X 3 cm in size and separated from each other (Fig 

1 41a) by about 5 mm with the help of ebonite separators, 

E which make side walls of the chamber so formed between 
the plates The upper plate has a central hole, H for the pas¬ 
sage of oil drops into the chamber A wire is provided for 
msenion through the hole for (a) cleamng the hole of dust 
particles and attached oil drops of film and (h) ealibeia- 
tion of microscope scale It is called tlie capacitor unit as 
the two parallel plates make a capacitor The chamber is 
closed by glass windows, W in the front and back 

2 A power unit givmg d c slabihzed and filtered voltage 
(continuously variable from 0 to 500 V) to be apphed to 
the capacitor plates through a 3-way switching arrange-. 
ment which can also reverse the polanly of plates (and thus 
the direction of field between them) whenever needed. The 
3-way switching arrangement mcludes a position of the 
switch in which the plates are disconnected from power unit 
and are short circuited, before reverse voltage is applied. 

3. A high resistance voltmeter (ai least 10,000 ohm/voli) 
for measuring p d applied across the capacitor 

4. Oil sprayer (e g scent spray) containing a 'thin' oil of 
low vapour pressure (clock oil or hghl lubncaiing oil) 

5. P-radiaiion source, with handling forcceps 

6 An illummauon Unit I which provides a convetgmg beam 
of hghl which enters between the plates through back 
window (Fig. 1.41b) A microscope M is arranged nomial 
to front window of the capacitor The eyepiece of the micro¬ 
scope has vertical honzonlal scales (Fig. 1 41c) This opti¬ 
cal arrangement combines with capacitor (item 1) to make 
a single eqmpmeni, commonly called MilHkan's apparatus 
It can be levelled with the help of three levelling screws 

Procedure Make ihe capacitor unit horizontal by the 
levelling screws. Insert the wire through central hole ui upper 
plate Adjust the illumination umt so that its beam con¬ 
verges on the wire Adjust ihe microscope so as to see a 
clear sharp image of the wire and there is no parallax 
between, this image and the cye-piece scales Note the dia¬ 
meter of the wire on the horizontal eye-piece scale as also 
by a sttpw guage This measuremenl is used lo calibrate 
the eye-piece scale. The whole set up is enclosed in a cylin¬ 
drical container. 

There is a hollow cylinder, C covered by a Ud L attached 
over the upper plate. It prevents any draught of air from 
entering the capacitor unit through hole in the upper plate 
Rimove the hd of the hole excluding cyhnder, genily 


spray a cloud of fine oil drops mlo the cyhnder and replace 
ihe lid After a short v/hde some of the oil drops make their 
way thiough the central hole m upper plate of the capac¬ 
itor, and become visible m the microscope field. Careful 
adjustment of mchnation and focus of the illuminatmg beam 
wdl enable the drops to be seen by scattered light as bnght 
points of'light agamst a subdued background but witli suf¬ 
ficient general illummaiion lo pemiit takmg readings against 
the cyc-piece scales (which have black ink markings), 
After some practice, droplets can be observed and fol¬ 
lowed as they fad between the plates Of course, due to 
optical inversion due to ihe microscope, they will appear 
lo be nsing The droplets usually acquire electric charge 
by fnction with air molecules when bemg sprayed, before 
they enter the capacitor unit Apply a p d of about 3(X1V 
between the plates and look for drops whose speed becomes 
slower or faster quite a bit Reject the ones which move 
very fast downwards or upwards and thus have too strong 
a charge They settle down on lower or upper plate, Thus 
obtain a charged and brightly illuminated oil drop, which 
comes to rest by a voltage of between lOOV and 500V 
apphed lo die plates in appropnale diiecuon By suitable 
adjustment of the microscope brmg this drop in sharp focus 
along vcnital scale of the cye-piece 
By increasing the voltage bnng the drops slowly to the 
top of the chamber (i e the bottom of the field of view of 
microscope) Then reduce the voltage until the drop is sta¬ 
tionary Record the readmg of the voltmeter Bnng the 
3-way switch m Ihe position which disconnects he power 
unit fron plates and short circuits hem As the drop falls 
down by force of gravity alone, start he stop watch to find 
the ume for he drop to fall hrough a ceitam distance (which 
must not be less han half the total lengh of vertical scale) 
When he free fall is completed, stop the watch and 'catch' 
the dfop by switchmg on he voltage which brings tt to rest 
Then record he readmg of stop watch and distance hrough 
which It fell Restore the drop to top of he chamber and 
repeal, In this manner lake alxiul six to eight teadmgs for 
voltage and velocity of free fall 
Now to change Ihe charge on the drop. Bring the [l-source 
near he entrance hole in ihc upper plate whilst the drop 
is at rest When the drop moves, remove the P-source and 
bnng the drop lo rest by changing he apphed voltage. As 
before, take about 6 lo 8 readings for (i) the voltage which 
makes it stationary and (ii) he velocity of free fall Con¬ 
tinue till rcadmgs for about 10 or 12 charges on the same 
drop are taken. Total process will take about 30 minutes 
to an hour wih proper pracuce You can also change turns 
for observmg the same drop, while the drop u stationary. 

Sometimes charge ''f the drop may change by Itself on 
■accorint of a cosmic ray particle or an ionised molecule in 
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Bir being capWred by the drop This does not significantly 
alter its mass, as its mass is of the order of 10^^ or 10* 
molecules of oxygen or nitrogen Whenever the charge 
changes by itsdf, your previous set of observations is over 
and new set of observations starts. 

It may happen that you lose a drop after too few obser¬ 
vations You can start with a new drop, as your calcula¬ 
tions lake account of mass of the drop The velocity of free 
fall, V, (i e terminal velocity under force of gravity alone) 
IS given by 

4A , (p-p')g = 6 Ti r V (1) 

3 

where r = radius of the drop 

p =: density of oil sprayed to make drops 
p' = density of air 
g = accelerabon due to gravity 
T) = viscosity of air 


When ihe drop is made stationary by application of a volt¬ 
age V, i.e, a field VJd (d is separation between the plates), 
this voltage is given by 

JL r {p-p')« = q L (2) 

3 d 


where q is the charge on the drop All other quantities bemg 
known, you can find r by equation (1) and then q by equa¬ 
tion (2), The formula to calculate q directly, is obtained by 



The viscosity of airtl changes significantly with room tem¬ 
perature. If the room temperatue changes by not more than 
about 2‘C durmg the expenmant, observe it m the begm 
ning and at the end of the experiment. Thus find viscosity 
of air at the average room temperature dunng the exper¬ 
iment, using the standard tables 
If room lemperatutB changes faster, find the temperature 
at the beginning of each set of observation Since the den¬ 
sity of air, p' IS about one thousandth of that of oil, it may 
be neglected in ihe calculations 
Arrange the various values of q thus obtained in ascend¬ 
ing order, make a bar graph of the values (Fig 1,37) and 
see that they make groups of values The values within a 
group aiE close together. Find mean of each group Each 
group mean is an integral multiple of a fundamental charge 
You can easily guess that integer and thus fmd the fun¬ 
damental charge from each group mean. 

Observations: 

(1) Cahbration of nucroscope. 


Diameter of wire =1 _ 

_m 

2. 

m 

(measured by 3 _ 

_m 

4 

m 

screw guage) 5 _ 

_m 

6, 

in 

Average diameter = ^ 

_m 




Number of divisions on eye-piece scale equivalent to wire 
diameter =_ 

.’.One division of cye-piece scale = __ m 

Distance between plates, d =_m 

(2) Oil density p b _kg m'^ 

Density of air p' =_kg m’** 

P - P' =_kg m ^ 

(3) Observations with oil drop 

(a) Room temp =_'C, 

Viscosity of air, T| =_Pa.s, 




Voltage Mean speed 

V V 

fV) (ms-*) 


Distance 
(scale div) 


Time 


Speed, V 
(dtv. per 

s) 


Mean 

Voltage 

V(V) 
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Charge on the drop, (j= 

(Repeal these observations for vanous drops and various 
charges on each drop) 



Mean value of electronic charge:_C 


Theme n 


Current Electricity 


In Theme I, we studied as to how bodies can 
be charged and how these charges interact 
amongst themselves An electrostatic charge 
produces an electric field in the surrounding 
space and if an electric charge, which is free 
to move, is placed in this field, it moves from 
a point at higher potential to a point at lower 
potential. Conductors allow charges to flow 
through them easily, Thus if a potential differ¬ 
ence is estabbshed between two points of a con¬ 
ductor, charge will flow from a point at higher 
potential to a point at lower potential. How of 
charge constitutes an electric current, 

A steady flow of charge through a conduc¬ 
tor (i.e. a steady current) will need a steady 
potential difference across it. This steady, poten¬ 
tial difference can be provided by a primary or 
a secondary cell due to the chemical action 


taking place inside it In this theme, we will 
study the laws concerning the flow of charge 
through solids and liquids under a potential dif¬ 
ference. We will also study a variety of phe¬ 
nomena such as thermal, chemical, etc. that are 
caused because of the flow of charge. In all 
these phenomena, there is merely an intercon¬ 
version of energy, i.e. conversion of electncal 
energy into thermal and vice versa, or conver¬ 
sion ol electrical energy into chemical ener^ 
and vice versa 

TOPIC I CONDUC'nON OF CHARGE 

2.1 (Demonstration): To demonstrate that charge 
flows when there is a potential difference. 

Take a large metallic conductor A (about 20 
cm long and 8 cm in diameter) supported on 



Fig. 2,1 Electric charge flows fiom conductor at higher potetiikl to earth Electric current thus generated is indi¬ 
cated by neon latr^. 
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an insulated stand (Fig. 2.1a) Charge it with 
the help of a 300 V DC power supply, S. First 
eailh the conductor A and ensure that it has no 
charge by connecting the disc of a sensitive 
electrosccpe E with it For proper earthing of 
the bases of the electroscope and conductor put 
them on a large aluminium foil or sheet Next, 
connect A to the positive terminal of S, the 
power supply placed on the same aluminium 
sheet (-ve terminal internally earthed) Switch 
on the power supply. Check, if A has got 
charged, by observing the leaves of the gold leaf 
electroscope E. 

Now icmove connecUon of A from S. Hold 
a neon lamp by one of its metallic caps P, and 
touch the pther end with the second cap Q to 
the conductor A, while you keep your other 
hand on the aluminium sheet (Fig 2.1b). Do 



Fig 2.1(b) 



you notice a momentary glow in the neon lamp? 

If so, It shows the flow of electrostatic charge 
from A to earth through your body. After the 
glow you will also notice that the leaves of the 
electroscope have collapsed, indicating that 
there is no charge left on the conductor A Thus 
m this case the charge flowed from a conduc¬ 
tor at positive potential to the earth 
Note . 1. Suppose instead of removing the 
connection of the power supply S >to the con¬ 
ductor A, the conductor A is kept connected to 
S Then you touch the end Q of the neon lamp 
to the conductor A, while holding the other end 
P in hand. You will observe that the neon bulb 
now glows steadily. The power supply conti- 
riues to supply positive charge to the conduc¬ 
tor A (or pull out electrons) and maintains the 
potential difference between the aluminium foil 
and the conductor A. Thus you conclude that 
to obtain a steady flow of charge you require 
a steady potential difference 
2 It is possible on a dry day to see the glow 
in the neon bulb, if the cap of the bulb is brought 
close to (not touching) the conductor A (Fig. 
2.1c). If the room is relauvely dark you can also 
see a spark jumping from the conductor A to 
the cap of the lamp 

2.2 (Activity): To study the characteristics of 
the flow of charge under a potential differ¬ 
ence. 

(a) Take two large sphencal metallic conduc¬ 
tors A, B on s^arate insulated stands. Earth 
them separately and ensure witli the help of a 
sensitive electroscope that both have no charge 
coon them. Bring A and B close so that they are in 
contact. Next take an electrophorus and charge 
It. Take the charged electrophorus disc D near 
one of the conductors. The two conductors 
would get charged by inducuon (Fig 2.2a). Hold 
D, and separate A and B in its presence. After 
A and B are separated, remove the electro- 
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Fig. 22 When conductors A (positively charged) and B 
(negatively charged) are connected, conventional current 
IS said to flow fiom A to B 


phorus D away (Fig 2.2b). Test the charge on 
A and B by carrying them in turn close to thf 
disc of a sensitive electroscope. The two have 
equal but opposite charge. Tlius one has pos¬ 
itive potential and the other has a negative 
potential with respect to the earth, i.e. they have 
a potential difference between them. 

' Take a neon lamp. Fix an insulating handle 
in the middle of the neon lamp with the help 
of a transparent adhesive tape. Touch one end 
of the neon lamp with the conductor A which 
is charf id positively and the other end with the 
conductor B charged negatively (Fig. 2.2c). If 


the room is moderately dark, you will see a 
momentary glow in the neon lamp, which 
shows that a momentary current passed through 
the neon lamp. Take away the neon lamp and 
test whether ^ete are any charges on A and B, 
by electroscope. You see that there is no net 
charge on A as well as on B This shows that 
either (i) positive charge flowed from A (at 
higher potential) to B (at lower potential) and 
neutralised the charge on B, or (ii) negative 
charge flowed from B (at lower potential) to 
A (at higher potential) and neutralised the 
charge on A. 

Experimentally there is absolutely no differ¬ 
ence between statements (i) and (li) above We 
know from advanced study of solid state phys¬ 
ics that statement (ii) is-correct However, we 
may talk in terms of flow of posiUve charge in 
discussing the behaviour of electrical cu-cuits 
for the sake of convenience. This imaginary 
flow of positive charge is often referred to as 
the "conventional current". 

(b) Take two electrolytic capacitors A and B 
each of 32p F (500 volt rating), which are 
commonly used in electronic circuits. The plate 
of an electrolytic capacitor marked (-f-) must Ije 
given positive charge and the other negative 
charge. Note that if you charge them the oppo¬ 
site way, the capacitor gets damaged. Therefore, 
earth the negative plate of A and the positive 
plate of B (Fig. 2.3). Connect identical sens^ 
tive electroscopes to the second plate of A and 
the second plate of B, which are not earth con¬ 
nected. 

Now take a 3(X) volt DC power supply. Place 
it on a wooden board so that its casing is not 
earth connected. For a while'touc(i its positive 
terminal to second plate of A and negative ter¬ 
minal to earth. Thus second plate of A is raised 
to 300 volt positive potential and its electro¬ 
scope shows a divergence. Similarly raise the 
second plate of B to 300 volt negative poten¬ 
tial by the same pOwer supply and then discon- 
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Fig. 23 Such a large quanitty of charge can be stored in eleclrolytic capacitors that flow of charge can be observed 
for a quite long time interval 


nect the power supply. The amount of electros- tion The direction of deflection will indicate 
tatic charge on each capacitor is about ten mil- that the conventional current flows from A 
lion times of that an conductors A and B in (which is at positive potential) to B (which is 
expenment (a) above. at negative potential), The amount of charge on 

A galvanometer (Full scale deflection cuirent the capacitors being so large, is not depleted in 
« 50 tiA) is already connected between second an instant as happend in experiment (a) above, 
plate of A and second plate of Bj through a and you can observe the current flow comfort- 
lO Mf} carbon resistor and key K. Now close ably for a few minutes. As the charge on the 
tfe key K so as to connect the two plates. You two capacitors gradually diminishes, you can 
will see that the galvanometer shows a deflec- watch the leaves of electroscopes gradually col- 



Fig. 2.4 A give! charge to B though it already has less charge 
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lapse. 1 

(c) Take two insulated sphencal conductors A 
and B with a radius of 3cm and 10cm respec¬ 
tively. Also take two identical electroscopes. 
Connect one to each conductor. (Fig. 2 4) 

Connect A to positive terminal of a 300 volt 
DC power supply earthing the negative termi¬ 
nals. By so doing you are charging A to a poten¬ 
tial of +300 volt. The leaves of the electroscope 
connected to A show divergence. Remove the 
connection of the power supply. 

Similarly, connect B to posiuve terminal of 
a 100 volt DC power supply with the negative 
terminal earthed. By so doing you are charg¬ 
ing the conductor B to a potential of +100 volt. 

Disconnect the power supply. 

We now have A with a radius of 3cm charged 
to a potential of 300 volt and B of radius 10cm 
charged to a potential of 100 volt. You have 
seen in the previous theme that charge on a con¬ 
ductor Q = VC, where, V is potential to which 
it is raised and C is its capacitance. Capacitance 
of a spherical conductor is proportional to its 
radius. Thus the capacitance of A = 3k (k is the 
constant of proportionality) and that of B=10k. 
Thus the charge on A is 300 x 3k = 900 k units, 
whereas the charge on B is 100 x 10k = 1000k 
units. 

Thus the charge on B is greater than the 
charge on A, but the potential of A is greater 
than the potential of B. Now connect the con¬ 
ductors A and B with a copper rod fixed to an 
insulating handle (Fig. 2.4.) Watch the two elec¬ 
troscopes when A and B are touched by the 
copper rod. 

Interestingly you will find that the electro¬ 
scope connected to A shows a slight decrease 
in divergence of leaves and the electroscope 
connected to B shows a slight increase in div¬ 
ergence. This divergence of leaves of electro¬ 
scope connected to B indicates that B has 
acquired a charge from A and its potential has 
increased. Similarly the collapse of the leaves 


of the electroscope connected to A indicates that 
A has lost charge and its potendal has fallen 
down.Though A had less charge, still it gives 
away some of its charge. 

This experiment clearly shows that irrespec¬ 
tive of what amounts of charge are on the con¬ 
ductors, positive charge flows from a body at 
higher potential to a body at lower potential. 

Play with these conductors raised to vanous 
potentials and observe what happens to the 
leaves of the electroscopes connected to the two 
conductors on connecting them with a copper 
rod held by an insulated handle. You will find 
that urespective of the charges on the conduc¬ 
tors, positive charges will always flow from a 
conductor at higher potential to the one at lower 
potential. 

This flow of charge from one conductor to 
the other is similar to the flow of water from 
one container to the other container connected 
to it. Whatever the quantity of water in these 
containers, water will always flow from the con¬ 
tainer which has higher level of water to the one 
which has lower level of water. ' 

TOPIC n VOLTAOE-CURRENT RELATIONSHIP 

2.3 (Experiment): Study of relation betyveen 
potential difference across a metallic conduc¬ 
tor and the current flowing through it 
(Ohm’s Law). 

Formula; If a current I flows through a con¬ 
ductor, then the potential difference V across 
the two ends of the conductor is proportional 
to I, i.e., F « / 
or. V = 1R 

This relation holds good provided the physical 
conditions (temperature and pressure) of the 
conductor do not change. 

Apparatus' A 28 SWG constantan wire about 
3 metre long, milliammeter (0-500 mA), volt¬ 
meter (at least 1000 ohni/volt, range 0-5V), ihe- 
DSlat, source of DC (four dry cells or a 6F 
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iTTT 



h—10 cm- 

Fig. 25 A long resistance wire can be easily managed by 
winding tl over to a strip of card-board 

accumulalor), one way key. 

Procedure Take about 3 m length of the 
wire. In order to make it manageable (so that 



two distant points on it don’t get short cir¬ 
cuited), wind It over a stnp of card-board about 
10 cm wide and 20 cm long (Fig. 2.5) Fix the 
two ends in terminals A and B, to which con- 
necQng wires of copper can also be connected 
by an extra nut. 

Make connections as shown m Fig 2 6., so 
that the voltmeter measures the potential dif¬ 
ference between the ends AB of the wire 
Ammeter measures the current passing through 
the wire (plus that through the voltmeter, but 
the current through the voltmeter is very small 
and is negligible). The rheostat enables you to 
increase or decrease the current by decreasing 
or increasing its resistance as and when you 
desue 

Check that the pointers of the ammeter and 
voltmeter are at their zero mark when the key 
(K) IS ‘off’. If not, adjust the pointer of each 
with the help of a screw provided in them for 
this purpose. A]tcniatively, you may note the 
positions of their pointers with no current flow¬ 
ing and later correct each observed reading for 
this zero error. 

Change the resistance of rheostat in steps 
from the highest to the lowest value, so that 
value of current or the voltage does not exceed 
the respective ranges of the ammeter or the 
voltmeter. Take care that the wire AB also does 
not get heated. This can be ensured by passing 
momentary current. For each setting of the rhe¬ 
ostat, note the value of current 7 flowing in the 
wire and the potential difference V developed 
across it. Take at least 5 sets of observations. 
Plot a graph between / and V, taking potential 
diflerence along the Y-axis, Do you find the 
graph to be a straight line passing through the 
origin ? 

Find the slope of the graph; 

Potential difference across the wire 

Slope = 


Fig. 2.6 A long resistance Wire can be easily managed by 
winding it over a Strip of card-board 


Current passing through the wire 
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This slope IS the resistance of the wire. 

Repeat this experiment for at least two dif¬ 
ferent lengths and two different diameters of the 
wire of the same material. Do you find any 
change in the slc^ of the graph when you 
change the length and/or the diameter? Do you 
find that the resistance increases with an 
increase in the length and decreases with an 
increase in the diameter of the wire ? 

Question: When there is no cunent passmg 
in the wire B, you adjust pointers of ammeter 
and voluneter at zero marks. Thus, the readmg 
"P.D. = 0 volt for current = 0 ampere" is by 
your intention and not what you observe by 
experiment. The point representing this obser- 
vauon on the graph is the origin. While honestly 
drawing a straight hne graph closest to the 
marked points, will you neglect the ongin or 
treat It also as one of the observations? 

Notes- 1. Current should be passed for a short 
lime only while taking a set of readings. 

2. Dry cells should be used intermitently. 

2.4 (Demonstration); Analogue of ^electron 
drift’ in a metallic conductor on application 
of potential difference. 

You know that electric current flowing m a 
metallic wire results from the drift of free elec¬ 
trons (Text book Chapter 3) consequent on 
application of potential difference along the 
potenual gradient A mechanical analogue can 
help us to visualise these phenomena. We shall 
use the model that may be made as per the 
guideline provided in the Appendix 2. 

Take the mechanical model (Fig. 2,7). The 
liny beads in this model represent the free elec¬ 
trons in a njetal, whereas, the fixed steel balls 
represent the relatively fixed atoms/ions in the 
crystalline lattice of a metallic conductor say 
copper. The beads can be fed along the edge 
A and can be collected along the edge B. There 
is also an arrangement to raise A with respect 



Fig. 2.7 

to the edge B. 

Make the plane on which steel balls are fixed 
horizontal. In this case the edge A is at the same 



Fig. 2.8 


level as B. By analogy we say that A has the 
same potendal as that of B, or there is no poten¬ 
tial difference between A and B. See the beads 
in motion by a mechanism which vibrates the 
whole channel in a horizontal direction perpen¬ 
dicular to its length. Then beads strike the steel 
balls and get deflected. For a given bead, the 
direction in which it moves constandy changes. 
There is no drift velocity, or the velocity of the 
beads is truely random. There is no such trans¬ 
fer of beads from the source A to the sink B 
Raise the edge A with respect to the edge B. 
Now observe the movement of the beads. The 
motion is still random but there is a marked ten¬ 
dency for the beads to drift towards the edge 
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B. After some time, the beads will start collect¬ 
ing at B Measure the rate of collection. Trans¬ 
fer the beads collected at B to the edge A so 
as to ensure steady flow of beads. Now change 
the difference in the height of A relative to B 
and once agam measure the rate of collection. 
Do you notice a relation between the rate of col¬ 
lection and the difference in the height of A and 
B? 

In much the same way electrons in metals, 
move in a crystalline latdce, colliding with 
atoms/ions. Only under potential difference, 
they acquire a drift velocity causing a net flow 
of electrons, constituting an electric current 

2.5 (Demonstration): To demonstrate the fall 
of potential along the length of a conductor 
when a steady current flows through the 
conductor. 

Take a SWG 28 constantan wire 3 metre long. 
Connect the circuit as shown in figure 2.8 the 
voltmeter V has two sliding contacts C and D. 
These can be two crocodile clips Thus any dis¬ 
tance between C and D can be made. Pass a 
definite current through the conductor AB. 


Makp contacts C and D, Obsefve the potential 
difference as measured by the voltmeter. Note 
down the potential difference. Now make con¬ 
tacts C and D to the metal wire AB at any other 
two points, keeping the distance between C and 
D fixed. In each case find out the potential dif¬ 
ference. You will observe that, if the distance 
between C and D is fixed and wire is of uni¬ 
form cross secDon, the potential difference 
between C and D for a given current through 
AB will always be same, within experimental 
error. 

Repeat the Same experiment, but this time, 
change the distance between C and D u; eacli 
reading. Measure the potential difference and 
the length between C and D You will observe 
that as the length between C and D increases, 
the potential difference across C and D conres 
pondingly increases in the same propoitioii 
provided the cross section of the wire is the 
same. 

This di'op in potential difference can be com¬ 
pared with the drop in pressure difference when 
water flows through a tube with an apparatus 
as shown in the Fig. 2.9, The water level in ver 
tical tubes goes on falling almost linearly with 


Tap 



Fig. 2.9 Pressure falls linearly along a lube of a uniform cross-section when water flows in it Similarly, potential fah 
linearly along a wire of uniform cross-section when an electric current flows in it 
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When the tube does not have uniform aoss 
section, such as sho>vn in the figure 2 fO, the 
potential .drop, across A and B is much smaller 


Top 



than the potential drop across C and D, even 
if length AB and CD are equal This merely 
shows, that the resistane to the flow of water 
across AB is smaller than the resistance to the 
flow of water across CD. This experiment 
shows that the resistance to the flow of water 
under pressure difference depends not only on 
the length of the tube but also on its cross- 
section. 

2,(i (Activity): To study the dependence of 
resistance pq length and cross section of the 
conductor. 

Take three wires (1) SWG 28, 3 metres long, 
(2) SWG 28, 2 metre long and (3) SWG 24, 
3 metre long. Fix these wires on three boards. 
Take one of the boards say having SWG 28, 
3 metre long wire fixed on it. Connect the cir¬ 
cuit as in experiment 2.3 and shown in the 
Figure 2.6, As described earher, determine 
resistance of the conductor AB. Replace the 
board on which SWG 28,3 metre wire is fixed 
. by the board on to which SWG 28,2 metre wire 
is fixed. Measure its resistance. Now replace 
this board by the board on to which SWG 24 


and 3 m long wire is fixed. Measure once again 
the resistance of this wu'e. 

You will find from your measurements that 
the resistance mcreases as the length increases. 
Similarly, resistance is seen to increase as the 
cross-section of the wire decreases' 

R oc / 

and 1/A, 


where I and A gre length and cross-section 
of the wue. 

Thus R = p I where p is the constant of 
A 

proportionality characteristic of the material of 
the three wires and is called the resistivity of 
that material. 

*DETERMmNG THE RESISTIVITY OF SILICON 
V/FTIf FOUR PROBE TECHNIQUE 
Four probe technique is a slandard technique in semicon¬ 
ductor technology to measure the resisuviiy of a semicon¬ 
ducting matenal As the name mdicates, it has four contact^ 
A.B ,C and D These contacts are essentially pressure load- 
ded conucis The simplest form of the four probe appar¬ 
atus IS shown in Figure 2,11. Current is passed through the 
probes A and B The poienual difference is measured across 
C and D, Knowing the potenlial differences across C and 
D and the current flowing through AB, one can determine 
the resistance between C and D Knowing the thickness of 
silicon wafer and the distance between C and D, resistiv¬ 
ity of sihcon can be determined 

2i7 (Experiment): To measure the resistance 
of a metal wire by Wheatstone Bridge (Metre 
Bridge). 

Procedure and Theory: We have seen in our class 


■(mAV 






B C 




■^Silicon wafer. 


Fig. 2.11 Four probe technique fyr determining the resis- 
livity of a silicon wafer. 
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room text that if resistances P,QJi, and S are 
connected in the form of network as shown m 
the figure 2.12 and if there is no deflection in 
the galvanometer G (or the point B and D are 
the same potential) then 

= k 

Q S 





We use this relationship to determine an 
unknown resistance 7? iff, Q and S are known. 

Metre bndge which utilises this principle is 
shown in fig. 2.13a. AC is a metre long con- 
stantan wire stretched along a metre scale M. 
This Wire is fixed at A and C. The unknown 
resistance is connected between A and D. Resis- 


R S 



tance box from which a known resistance is 
included in the cu'cuit as desired, is connected 
between D and C. A sensitive galvanometer G 
is connected between D and the moving con¬ 
tact B A ccU with a suitable rheostat is con¬ 
nected between A and C. This arrangement 
forms the Wheatstone bridge, as shown in the 
Figure 2.13b. 



Fig. 2.13 (b) 

Take out a suitable resistance S from the 
resistance box RB. Move the moving contact 
to obtain a. position B in such a way that on 
making contact at B there is no deflection hi 
the galvanometer. If you make a contact at a 
point between A and B then there is deflection 
on one side, whereas if you make a contact 
between B and C, there is a deflection m the 
galvanometer on the other side. B is called the 
null point. Measure ABandcallita;BCisthen 
(100-a). If the resistances per unit length of the 
constantan wire is p, then we have R/S = 
pa/(100-a)p, or R/S = p/(100-a), Knowing S, 
we can get R. 
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2.8 (Experiment): To find the specific resis¬ 
tance of the material of metallic wire with 
the help of Wheatstone bridge (metre 
bridge). 

Apparatus Metre bndge, sensitive galvanom¬ 
eter,resistance box, source of DC, onewav key, 
and about 1 metre long constantan wiic 30 
SWG. 

Theory: The resistance 1? of a wire of cer¬ 
tain substance of specific resistance^, is given 
by the formula: 

R = Pi orP = R £, 

A I 

where I is the length of the wire and A is the 
area of cross-section. 

Procedure: Find average diameter of the wire 
with a screw gauge. Calculate its area of cross- 
section and record it. 

Fix the wire in the terminals of the metre 
bridge for the unknown resistance. Make the 
connection as in Fig, 2.13a Follow the proce¬ 
dure of activity 2.6 and take at least three sets 
of observations by determining the null point 
B for different vdues of resistance S. 

Observations: 

Diameter of the wire , d = __ m, _ _ 

Area of cross-section, A =_m^ 


2.9. (Experiment): To study the laws of com'- 
bining the resistances in series and parallel 
using a Wheatstone bridge (Metre bridge) 
Apparatus. Meter bridge, a sensitive galvanom¬ 
eter, two coiled pieces of constantan wire (pf 
differentresistances), one known resistance coil, 
one way key and a source of DC 

Formulae 

The resistance R of the combination of two 

p 

wires gf resistances and when con¬ 
nected in parallel, is given by J_ = X -P _1_ 

Rz 

When the two wires are connected in series, the 
resistance of the combination, /?,, is given by 
R^-R^+ Rj. 

Procedure: Using the same circuit and pro¬ 
cedure as m experiment 2.6, measure the 
unknown resistances R^ and of two coils of 
constantan wire inserting them one by one in 
the gap AD of the meter bridge. 

Next connect both the resistances in parallel 
in the same gap of meter bridge (Fig. 2.14 ). 
Ensure that the effective length of each wire is 
same as it was while taking observtions of these 
resistances separately. It means that the length 
at the ends of each which is inserted into the 

m,_ m, _ m, Mean =_ m. 


SRo. 

Value of known rests- 
lance, S (ohm) 

Position a, of the null 
point, B (cm) 

Length 100-a 
(cm) 

Resistance of wire R = 

S too fl rohml 

100-a 

1 





2. 





3. 






Mean value of R =_ohm. Effective length of the wire, I = _^cm. 

Specific resistancep - A ^ 

I 
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'irLuitfor th study of vollase-cunext rebuon 
ship for a torch Ic-np 


Fig. 2.14 

terminals, should be kept the same. 

Take three sets of observations for this com¬ 
bination of resistances (in parallel) and calcu¬ 
late the resistance of the combination R . 

Next, connect the two resistance wires in 
senes (end to end) in the same gap of meter 
bridge In this case also ensure that 
the effective length of each wire remains 
unchanged. It means that the point where the 
two wires are joined end to end the lengths of 
the ends that were inserted into the terminals 
should be twisted together, or inserted into a 
connector (the device to connect the two wires 
end to end). Take three sets of observations for 
this setting and calculate the mean resistance 
of the combination of the two coils connected 
m series. 

Now cdmpare the measured values of R 
and R^ with their values calculated by using 
the formulae given above and the separately 
measured values of R^ and R^. If there is a dif¬ 
ference in the two values off? or of f?, try to 
account for this difference. ’’ ' 

2.10 (Activity) Study the voltage-current 
relationship for a torch lamp. 

Use the same circuit as in the experiment 2.4 
to (study ohm’s law for a metallic resistance 


wire), by replacing the wire with a torch lamp 
(Fig. 2.15.) In case of this expenment you have 
not to worry to see that the lamp does not 
become warm. You should let the current and 
voltage rise upto the value indicated on the 
metallic part of the body of the lamp. Take at 
least eight sets of observations. Starting from 
maximum, decrease the value of resistance of 
the rheostat in steps so that potential difference 
developed across the lamp increases in roughly 
equal steps. Thus record 8 to 10 observations 
of current,/, passing through the lamp and volt¬ 
age V, developed across the lamp. 

Plot a graph between I &V, taking V along 
X-axis. Do you find that different points plot¬ 
ted don’t yield a straight line? Draw a smooth 
curve passing through the different points and 
the origin (which represents zero current for 
zero voltage). Calculate the value of resistance, 
/? of the lamp given by /? = for each set of 

/ 

observauon. Do you find that R keeps chang¬ 
ing with /? 

Notes: 1, As the resistance of a torch lamp 
increases with current passing in it, instead of 
the relation / = try the relation / = grV'’, 
R 

where K and n are constants for the particular 
torch lamp, Taking logs of the above relation 
we gat log / s « log V -h log K. Tabulate the 
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values of log I against corresponding values of 
log V and plot a graph for these values of log / 
and log V (Fig, 2.16). If this paph gives a 



Fig. 2.16 Graph between log I and log V for a torch bulb 


Straight line, its slope (Change in log//corres¬ 
ponding change in log V) gives the value of n. 


The intercept on log / axis is the value of log K, 
Thus you can find the values of K and n for 
the lamp used. 

2. The maximum value of I and V that a torch 
lamp (manufactured by standard firms) can 
withstand are mdicated on the metallic part of 
its body. These marks may get wiped off. So 
it IS necessary to note these values from the 
manufacturer’s packmg for the lamp. 

J. For eacn pair of readings for / and V, you 
should pass a steady current and wait for a 
steady state to be reached. You will notice that 
for a given applied voltage, first a large cur¬ 
rent lanes and then decreases to a steady value. 
The smaller is the cunent at which a lamp oper¬ 
ates, the smaller is the time-lag for it to reach 
the steady state 

2.11 (Experiment) Study of the variation in 
resistance of a conducting wire with temper¬ 
ature. 

/Ipparaiiis' Metre-bndge, sensitive galvanom¬ 
eter, standard resistance box, source of DC, one 


*COLOVR TEMPERATURE 

In the ectivity 2 9. above, you may like to record the colour of the torch lamp for each current 
that you pass through iL You will notice that as conent gradually increases, the colour first becomes 
duU red, then red, then blight red, then orange, then yellowish and so on This change in colour 
IS essenbally due to nsc in temperature of the filament The colour of the glow u characterised 
by the wavelength, at which the intensity of radiation it emits is maximum (in a spectrum 
of ihe emitted ladiation) This wavelength (measured is nonomelre) is given by Ule relation 

=2gmx 10«Knm 

tnu 

where T is the absolute temperature of the filament Tliis relation is called Wien's law, The con- 
sianl on the nghi hand side is called Wien’s conslani This relation assumes that the surface of 
concerned hot body (filament) acts like a peifectly black surface Thus as T increases, j X decrea¬ 
ses or the colour of the glow shifts from red to yellow. 

TTus relation can be used to determine the temperature of bodies like the Bunsen burner flame, 
candle flame, filament of electnc filament Lamp, as also of stars. Wc record a spectrum of the 
radianon eimued by the concerned body, find and then calculate the temperature, using the 
Wien t law. Result so obtauied is caU^ colour temperature of the body 
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way key and the given conducting wire coiled 
on a small wooden strip. 

Procedure- Take thin DCC copper wire of 
40SWG, about 3m long. Fold it over twice and 
wind it on a wooden strip about 1 cm wide, 5 
mm thick and 5 cm long. Solder stout enamelled 
copper leads to the ends of the cpil. The leads 
pass through two different holes in the wooden 
strip to avoid short-circuiting them (Fig. 2.17) 



Fig. 2.17 Copper win wound on a tiny wooden strip for 
heating It in a boiling lube 

Use the circuit of meter-bridge as was used 
for Activity 2.6. Put this stnp with thin copper 
wme in a large boiling tube containing liquid 
paraffin (or any liquid which does not affect the 
copper wire and is a good insulator at least upto 
lOO'C). The wooden strip should immerse in 
tile liquid. Put a thermometer alongside the' 
wooden strip in the boiling tube (Fig. 2.18). 



Fig. 2.18 Circuit for measurement of the resistance of 
copper Wirt at various temperatures 


Thus find the null point B, for the wire at 
room temperature; and note this temperature ij. 

Next, put the strip with thih copper i wire 
alongwith the boilmg tube in a beaker contain¬ 
ing boiling water In a few minutes the liquid 
paraffin and the wne attain the temperature of 
hot boiling water. Again find the null point Bj, 
to right side of the first, indicating an increase 
in the resistance of the wire. Also note the tem¬ 
perature of the wire in the thermometer, l^. 

Similarly, repeat by putting the boiling tube 
m a mixture of ice and water, find the null point 
B j to the left of that for room temperatubs and 
note the temperature of the wire tg. 

Calculate resistances /?j, at the tem¬ 
peratures tg, t, and respectively. Plot a graph 
between R and t, taking the former along 
If the three points for the three tem¬ 
peratures lie on a straight line, within expen- 
mental error, fmd the temperature co-efficient 
of resistance; 

AR 

a= - 

At X resistance of coil at 

O'C 

You can in fact use a coil of metal wire as 
a thermometer if you know a and the resistance 
at O'C. Such thermometers are called resistance 
thermometers. In most cases platinum is used 
as a material for the wire and the thermometer 
using platinum wire is called the platinum resis¬ 
tance thermometer. 

2,12 (Experiment): To determine the melt¬ 
ing point of wax using a resistance thermo¬ 
meter. 

Apparatus-. Same as in previous experiment. 
Procedure: Take the coil that you used m the 
previous experiment. You know its resistance 
at O'C (/fp ohms) and the temperature co¬ 
efficient of resistance, a. Take a beaker con¬ 
taining paraffin wax. Place this beaker.on a 
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B unsen flame Let the wax melt. After the wax 
has fully melted, put in the coil whose temper¬ 
ature coefficient of resistance has been deter¬ 
mined. Remove the Bunsen burner. The wax 
starts cooling.' Start a stop clock to measure time 
for which the wax cools After short time inter¬ 
vals (which may or may not be equal), find the 
position of null point on the metre bridge. When 
a null point is obtained, immediately note the 
time in the watch. Tabulate the data of position 
of null point against corresponding values of 
time and calculate the resistance of copper coil 
at each time 

Plot a graph between resistance of copper coil 
and time. When the wax starts solidifying, its 
temperature remains stationary all all the wax 
has solidified So also the resistance of the 
copper coil remains stahonary. Find this stauon- 
ary resistance of coil from the graph. Then 
calculate temperature, corresponding to this 
stationary resistance of the coil using the for¬ 
mula. 


a 

This temperature will be the melting point of 
wax. 

SUPERCONDUCTIVITY 

Resistance of a metal graduaUy decreiies as lU cemper- 
aluie decreases On the other hand, resistance of a semi¬ 
conductor increases as lu temperature decreases There are 
some alloys and compounds whose resistance decreases with 
temperature. But, at a certain lempcralure specific to a 
matcnal, their le'sistance suddenly becomes zero (see table 
6 in data section). These matenals, when iheir resistance 
becomes zero, are called superconduelon. The phenom¬ 
enon of such materials loosing all resistance to the flow 
of elecinc current, is called superconductivity The phe¬ 
nomenon was first discovered by Kammerliitg Onnes in 
1912, while studying the resisuvily of mercuiy al low tem¬ 
peratures. 

Recently, this field of study has assumed importance 



Fig. 2.19 Varation of resistance ofYBa^ Cu^Qy as a func¬ 
tion of temperature 

because of the discovery of some matenals which lose their 
resistivity at fairly high temperaiures, say 90 K Figure 2 19 
shows the vanaiaon of resistance of a compound 
' Y BajCUjO, as a funcdoii of icmperaiure, You will see that 
this matenal lose all its resistance below 90 K. 

2.13 (Demonstration): To show that resis¬ 
tance of a semiconductor (thermister) 
decreases with rise in temperature and vice 
versa. 

Take a boiling tube and fill it three-fourth with 
oil (say SAE 20 mobile oil). Keep it in a water 
bath kept on a tripod with a gas burner under 
it. Also suspend a thermometer (0'-110"C) in 
the oil. Next, take the given thermistor and con¬ 
nect it in the circuit of experiment 2.11 in such 
a way that it is possible to dip it in the oil bath, 
while in the circuit. This, would enable you to 
find resistance of the thermister at different 
temperatures, 

To start with, find the null point B, for the 
thermister at room temperature (Q and record 
the position of the null point and the temper¬ 
ature. Next put the flame on and after a few 
minutes observe that the null point shifts to left 
of Bj indicating that resistance of thermister 
decreases with increase in temperature. 
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Remove the flame and surround the oil bath 
with iced water in a beaker. As the tempera¬ 
ture falls below the null point shifts to right 
of indicating that resistance of the thermis- 
ter increases with falling temperature. 

Note 1. This demonstration can also be done 
using a common carbon resistance used in elec¬ 
tronic cucuits, but the decrease in resistance 
with mcrease of temperature is quite small in 
that case 

2. This experiment may be done as laboratory 
exercise to study the variation of resistance of 
thermister with temperature. Take at least two 
observations of resistance for each of the three 
temperatures, i e room temperature, ice point, 
and boiling point of water. For each temper¬ 
ature find the absolute temperature of the ther¬ 
mister (T = 273 + t) 

Then tabulate values of log/? against corres¬ 
ponding values of l/T and plot a straight line 
graph between the two (Fig. 2.20) 



Fig. 2.20 Relation between resistance and temperature of 
a thermister 

3. Knowing the variation of resistance of a 
thermister with temperature, you can use it to 
measure the unknown temperature of a body. 


2.14 (Activity): To study the current voltage 
relationship for a pn-junction. 

Take a semi-conductor diode, say RCA no 
IN3754 or its equivalent Attach two insulated 
wmes to its two ends with the help of crocodile 
clips and connect it to a cucuit as shown in Fig. 
2.21. Close the tapping key K and see if the 


ion 



milli-ammeter shows flow of current in the cir¬ 
cuit. Reverse the connections of the diode and 
again see the flow of current m the cucuit You 
would find that the current flows only m one 
direction (called forward direction), unlike the 
case of an ordinary resistor.'u 

Fix the diode in the direction allowing the 
flow of current and make the circuit as shown 
in Fig. 2.22. Here a 30Q rheostat is used as a 
potential divider. Begin with the lowest poten- 
ual difference and increase it in steps through 
the permissible range of current and voltage for 
the diode used (as per its specifications). Take 
at least five sets of observations of current, /, 


h) In fact a very $mall current does flow through the diode 
in the reverse direction It can be checked with the help 
of an ammeter of a smaller range Thus the diode only has 
a much higher resistance in reverse dire'ction. 
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Fig. 122 Circuil for siiktyuig the current-vollage relation¬ 
ship for a pn-junction. 

flowing through this diode and the corre^nd- 
ing values of the potential difference, V, across 
It. Find the resistance of the diode if = V 

T 

for each value of V. Do you find that the value 
of if is changing? Also plot a graph between 
voltage and current, Do you get a curve and not 
a luiegr graph, unlike the case of a metallic 
resistor? Does this show deviation from Ohm’s 
law for the pn-juncdon? ^ 

Notes: 1, A high forward cunent could damage 
a diode. The 10 ohm resistance in series with 
the diode in this experiment (Fig. 2,21 and 2.22) 
is necessary to keep this current within safe 
limit, just in case the full battery voltageis acci¬ 
dentally applied across it. 

2. In the forward direction too, the current may 
be very small for small voltages applied on it, 
which may give an impression that it is not the 
forward direction. It will be quite an instruc¬ 
tive exercise to take at least five sets of obser¬ 
vations for / and F for both directions of current. 
Forward direction is characterised by a rapid 
rise in currenf when voltagq exceeds a certam 
value. Plof a graph of values of / against cor¬ 


responding values of V, takiqg ih^ latter aipns 
X-axis. / and F in reverse direction may be 
treated as negative values’’h)f tb'iS 

' I I- {'I I'M 

2.15 (Experiment); To' read t^ie Values '6f 
carbon resistors by using the coldii? code aill 
check with those found by a inlultimetei. 
Thus to study laws of combining resistances 
in series and parallel, using a multimeter. 

Apparatus: 10 carbon resistors of different 
values, multimeter with two or three different 
scales for resistance measurement 

Procedure. Take 10 carbon resistors of dif¬ 
ferent values from lOOiD upto 1 Mfli Label 

them /?j./?,, /?j„. Make out the values of 

all the ten resistors by the use of colour code 
(for ready reference see guidance table provided 
in the appendix 3). List up the values, so 
obtained in the table (A) of observations, p. 52. 

Take a multimeter. Set it at highest range of 
resistance measurement. Short circuit the ter¬ 
minals and adjust the zero ohm deflection (full 
scale deflection) by the adjustment provided. 
Find the value for larger resistances, on the 
range. If for a resistor-the reading is less than 
l/5th of the mid-scale value, use the next 
smaller range. Thus measure each resistor by 
selecting the proper scale, List the values 
obtained with the meter against the values 
obtained by the colour code. Is there any dif¬ 
ference in the two values? If yes, find the dif¬ 
ference and find what percentage it is of the 
cdour code value. What, do you think, is the 
reason for this difference, (tolerance of resis- 
tor/error in multimeter’measurement/resistance 
of loose contacts/friction in movement of 
needle)? 

(b) Make three sets of two resistances 'in 
series. Calculate the combination resistance 
(RJ for each set, on the basis of the multime¬ 
ter values of resistances m it, using thd for- 
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mula yj, = /?j + 

Tabulate the values so found for each com¬ 
bination in table (B). Find the value of resis- 
•tMce for each combination by usmg multimeter 
and selecting the proper scale. Also tabulate that 
value m the appropriate column, Compare the 
two values for each combination of resistan¬ 
ces. Repeat the same process by making three 
sets of two resistances in parallel. Calculate the 
combinahon resistance {R^ for each set using 
the formula l/R^ = 1/^j + l/R^ Tabulate the 
calculated and measured values of in table 
(C) 

Note. 1. It IS necessary to learn proper use of 
the multimeter, before handling iL This needs 
to be done by consulting your teacher or using 
the instructional manual of the multimeter. To 
practice proper use of the multimeter is one of 
the objecuves of this experiment 
2 The value of resistance found with the help 
of a multimeter is not the accurate value. You 
must get familiar with the magnitude of emor 
in its measurements. 

2.16 (Experiment): To determine resistance 
and sensitivity of a galvanometer by half 
deflection method and convert it to an amm¬ 
eter and voltmeter, say of range 0.5A and 5V 
respectively. 

Apparatus. The galvanometer, a fully (but not 
freshly) charged lead accumulator of known 
emf (6 volt), two resistance boxes (range 10,(XX) 
ohm and 50 ohm the range of letter one being 
slightly larger than resistance of galvanometer), 
two plug keys, reversing keys, constantan wire 
of known resistance per unit length, a standard 
lO ohm resistance. 


R, IS the resistance box of ranges lOOOOfl. Its 
function is to pass a current in the galvano- 


^ L 


X 




G(p | R, 




Fig. 2.23 


meter so as to obtain a deflection within its range 
with open. The f.s.d. ® of the galvanome¬ 
ter is usually marked on it and is good enough 
to serve as a rough guide. Make a resistance 
R^ which gives a deflection 0 (scale division), 
not less than l/3rd of the full scale, and record 
Rj and 0 m Table 1 under observations. 

Next close the key and adjust the yaiue 
of resistance in the resistance box R^, so^that 
the deflection of the galvanometer becomes 0/2. 
Then the resistance R^ equals G, the resistance 
of galvanometer, because half of the current 
passing through R^ is shared by Rj and half by 
the galvanometer. It is noteworthy thatR^is so 
large compared to R^ or G that opening or 
closing the key m^es insignificant differ¬ 
ence m the current passing through Rj. 

You may find it rather time consuming to 


Method' (a) Measuring Resistance and Current 
Sensitivity 

Connect the circuit as shown in Figure 2.23. 


f s d. 1 e full scale production (current required for) is 
usually rnarked so Uiai the user can lake precaution pot to 
pass loo heavy a current in the galvanometer, lest it may 
get damaged 
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Observations (A) Value of Ihe Resistors 


Resistor 

Value by colour code and 

Value found by using multi- 


the tolerance (ohm) 

meter (ohm) 

K, 



h 



Rj 



^10 

1 



• j'- . ,-:;m ' ,r, 

I’ '.11 -i; 0,4 oi 

Pircenlage 

difference 


(B) Series Combinations of Resistors 


— ^ 
Resistors in series, 
measured values 

by calculation 
(ohm) 

/J, by multimeter 
(ohm) 

Rj (ohm) RJ^ohm) 


1 

_J 



(C) Parallel Combinations of Resistors 


Resistors in parallel, 
measured values 

R^ by calculation 
(ohm) 

Rj, by multimeter 
(ohm) 

R, (oRm) Rj{ohm) 
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change several times and observe the 
deflection, until it becomes 9/2, as best as you 
can observe it. You may better make any value 
of which gives a deflection 9', roughly 
equal to 0/2. Record and 0'. Then 



If C is the current sensitivity of the galva¬ 
nometer then with open, the current passing 
through it is 

CQ = E/Rj 
C = EIR^<d 

Thus calculate the resistance G and the cunent 
sensitivity C of the galvanometer. 

Repeat these observations and calculations 
by reversing the current. Take at least three 
values of deflection 6, between full scale to 1/3 
of full scale. Thus you get at least 6 results for 
C and G. Find their means. 


P.D across the galvanometer = (I-Cn) S 

= G Cn 

or S = G 

-J_ -1 ' 

Cn 

Thus calcula^ the value of S and take a 
length of cbnstanlan wire that will make this resis¬ 
tance. Connect th^iS shunt across the galvanom¬ 
eter to make the desired ammeter To check' up 
Its accuracy make connecuons as shown in Fig 
2.24(a), using the resistance box of range 50 
ohm for the resistance R. For various values of 
R observe the current in your ammeter. Com¬ 
pare your observations with calculated values 
EIR (neglecting resistance of the ammeter and 
internal resistance of lead accumulator). 

(c) Conversion to Voltmeter 


(b) Conversion to an Ammeter 

Suppose you desire to convert it to an amm¬ 
eter of f.s.d current equal to I (i.e. range I) 
Referring to Fig. 2,24{a) you connect a shunt, 
S, across us terminals for this purpose. Then 
a current-/ from the cell is divided into two 
branches, Cunent Cn flows in the galvanom¬ 
eter to show full scale deflection and/-Cn flows 
in the shunt. 



Now you want to convert it to a voltmeter of 
f,s.d. voltage equal to V (i.e, range V). Refer- 
nng to figure 2,24(b), you connect a senes resis¬ 
tance R for this purpose. Then a voltage V 
across terminals A and B passes a current Cn 
in the resistance (R-i-G) to give full scale deflec¬ 
tion in the galvanometer, thus 



(bl 


Flg> 2.24 (a) A galvanometer with a suitable shunt connected in parallel with it makes an ammeter, 
(i) A gdlvdnonieter with a suitable series resistor makes a voltmeter. 
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V = CniR^G} 



Thus calculate the values of R Make this 
resistance in the resistance box of range 10,000 
ohm, and connect it in series with the galva¬ 
nometer, to make the desired voltmeter To 
check up Its accuracy, connect circuit as shown 
in figure 2,24(b), Use the standard 10 ohm resis- 

Observations 

Table IJlesistance and Current Sensitivity 

The emf, E, of the accumulator = 
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tance for and resistance box of 50 ohm 
range for the variable resistor R^, to make the 
potential divider. For various values of R^, 
observe the voltage across AB. Compare your 
observations with calculated values, £/? 2 /(R, -t 
J?j), neglecting internal resistance of lead 
accumulator and treating the resistance of volt¬ 
meter (R + G) to be very large. 


SJVo 

(ohm) 

Rj 

(ohm) 

i 

6, with 

Kj open 

S', wuh 

Kj closed 

CD 

G = ® 

6' ^ 
(ohm) 

1 

1 

1 

1 

1 



1 



Mean C = 
Mean G = 


Table 2. Conversion to ammeter 

No. of scale division in the galvanometer 
scale, n = 

Desired range of ammeter to be made, / = 

p 

Shunt required =__ = 
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SNo 

.-'A''-. ' .. 

R 

tn) 

'j 

Current observed 
(A) 

Calculated value 

EIR 

(A) 

i\ 1 ’ vl. 





Table 3. Convertion to voltmeter 
Desired range of voltmeter to be made, V = 

Series resistance needed = ^ • G = 

i:k 


SNc 

R,(Cl) 


Obaerved 

P D. CV) 

Calculated value 

ERj (Rj + Rj) 

(V) 

1 






Notes 1. A laboratory galvanometer has 25 or 
30 divisions in the scale towards nght and left 
of zero mark To find its resistance, if you have 
taken 6 = 10 div and 6*= 5 div and taken read¬ 
ings to nearest full division, error in measuring 
9 and 0' is of the order of ± 0.5 division, i.e. 
about 10%. 

2. If your instrument is of good quality, i.e. 
friction in its jewelled beatings is quite small 
and scale is accurate, you can try observing 9 


and 9' to _L th of a scale division by judge- 
10 

ment. i.e to first decimal place. Though this 
decimal place is insipificant, chances are that 
your error will reduce to about 2%, dependmg 
on the accuracy of your judgement 
3. To check up if friction in your instruinent 
is small enough measure 9 in th^same setting 
5 to 10 dmes. If each time, the needle comes 
to exactly same point on the scale, friction in 
your instrument is small enough: 

I 
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TOPIC m THERMAL EFFECTS OF ELECTRIC CUR¬ 
RENT 

2.17 (Demonstration); To demonstrate that 
(a) an electric current passing through a 
resistance wire produces heat, and (b) heat 
produced depends on the current flowing 
through the wire and its resistance. 

Take a medium size drawing board, about 
50 cm long. Fix two wires (thick AB of 28 SWG 
and thin CD of 32 SWG) of constantan havmg 
same length, say 120 cm. Fixing of wires may 
be done with the help of four drawing pins for 
each wire, as shown in Fig. 2.25, Take a charged 



Rg. 2.25 filing iH/o long misiance wires on 
a drawing hoard 

2V lead acid cell, a plug key and some con¬ 
necting wires. Two of these connecting wires are 
fitted with crocodile clips. Make the connec¬ 
tions to pass electric current through the wire 
AB (thicker wire), as shown in Fig,2.26. Before 


Battery 



plugging the key, touch the wire with your 
finger tips, to have a feel of its temperature Pass 
an electric current and after, say, about half a 
minute feel the wire by touching it with your 
finger tips again. Do you find the wire'to have 
become warm? 

For part (b) of the demonstration, connect an 
ammeter in series m the above circuit, as shown 
in Fig. 2.27. Plug the key, note the current flow- 


Battery 



Fig. 257 Circuti for demonsiraiing the factors on which 
heat produced in a conductor by the passage of electric 
current depends, 

mg in the circuit as indicated by the ammeter, 
record it and feel the wire with fingertips after 
30 seconds. In order to increase current, let the 
e.m.f. of two cells be applied in the circuit. 
Connect another similar cell in series with the 
previous cell and again plug the key to let the 
current flow, After about the same duration of 
time (30 seconds) again note the current indi¬ 
cated by the ammeter, and feel the wire again 
at the same place, with your finger tips. Does 
the wire feel wanner with increased current 
flowing in it? B y detailed experimentation it has 
been found that the heat produced is propor¬ 
tional to square of the current flowing through 
the wire. 

Next, connect the crocodile clips at the ends 
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of thin wire CD This wire has greater resis¬ 
tance, as it has a smaller diameter compared to 
the thick wire AB and is of the same length. 

' pass'current through this wire and after 30 
■ seconds feel the wire with your finger tips. Now 
connect the crocodile clips with the ends of the 
wire AB (thicker). Again pass the current of 
same value and after about 30 seconds feel the 
wire with your finger Ups (with thicker wire 
AB, a rheostat has to be added in the circuit 
and its resistance adjusted to get the same cur¬ 
rent). Do you find that the wire of higher resis¬ 
tance (thinner wire) gets warmer for the same 
current passmg through the two wires. By 
detailed expenmentadon it has been found that 
the heat produced in a conductmg wire is pro- 
pordonal to its resistance. 

Notes- 1 Be cautious while-feeling the wire 
with finger tips lest you bum the tips, specially 
when passing more current in the wire. 

2, You can easily study quantitatively the 
dependence of heat produced on current (as a 
laboratory experiment). Use a Joules’ calonm- 
eter in which there is a heating coil through 
which current can be passed for heating water 
in It and nse of temperature can be noted by 
a thermometer. Pass currents and in turn, 
for same duration of time. In each case take 
same amount of water at same initial temper¬ 
ature in the calorimeter with the help of a mea¬ 
suring cylinder and note the temperature rises 
tj and ij respectively. Do you find that = 

2.18 (Demonstration): To demonstrate (a) 
the use of an improvised fuse that melts with 
the flow of a certain current through it, and 
(b) different kinds of fuse used in everyday 
life. 

(a) Demonstration of a Fuse 

Take a small piece of suitable fuse wire (say 
5A rating) and fix it across the improvised open 


type fuse (Appendix 4), Connect this clcclrr. 
fuse in senes with a 6V lead acid battery, a 6V 
(18 watt or 24 watt) electric bulb (fixed in a 



Fig. 2.28 Circuit to demonstrate the working of a fuse 

holder), and a plug key as shown in Fig. 2 28 
Plug the key and see if the bulb glows Obseive 
the fuse wire. See, if it remains unaffectcil, 
Unplug the key to break the circuit Slion-circuit 
the bulb by joining its terminals with a thick 
copper wme. Again plug the key lor a shun 
duration, the bulb would not glow this time. 
Observe the fuse wu-e snap quickly'^ 

(b) Various kinds of fuses 

For part (b) of the demonstration collect dif¬ 
ferent types of fuses (i) used for difierent elec¬ 
trical appliances like a television set (ii) those 
used in the mams for the light circuit (5A) and 
(ill) for the power supply circuit (15 A). Observe 
these and record your findings about the wire 
thickness. 

Take a switch board used with the electnc 
mains. This switch board should have a fuse 
rocket a bulb holder (with a 100 watt, 23()V 
electric bulb) and a switch in series with the 
fuse. It should also have a socket with the 
switch for connecting separately an electr.i 
appliance, say an electric heater in series with 
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the fuse. Fix up a SA fuse wire in the socket 
for the fuse before plugging the switch board 
to the mains. Switch the electric bulb on (by 
using the switch provided on the switch board). 
The bulb would glow. Observe the fuse wire. 
Is It intact? Why? Switch off the bulb and 
unplug the board from the electnc mains 

Take a single strand of copper wire from the 
common flexible cable used as lead with a table 
lamp and replace it in the fuse socket Again 
plug the board with the mams and switch the 
bulb on. Does the bulb glow and keep glowing 
now? Unplug the board and see the effect on 
the improvised fuse wire. Does it change in 
colour? Next, connect an electric heater (1500W 
or 2000 W, 230V), to the board Plug on the 
board to the electnc mains. Switch on the 
heater. Does the improvised fuse blow off now? 
Unplug ihe board from the mains and observe 
the fuse. Do you find it to have melted partly? 
(i e. a small length of it). 

Questions. 1, Why should electric current not 
be passed for a long duraOon in the circuit used 
in the above experiment after the 6V bulb has 
been short circuit? 

2. Why is a TV cartridge fuse wire provided 
m a small glass tube? 

3. What sort of fuse should be used so that 
it does not blow off when an electric heater is 
connected in series with it? 

Note: In case you have not made the improv¬ 
ised open type fuse holder (Fig. 2.21), just hold 
the fuse wire ends in two crocodile clips. The 
open type fuse holder described m appendix 4, 
only makes a better demonstration, 

rOPIC IV. THERMO-ELECTRIC EFFECT 

2.19 Demonstration: To demonstrate that a 
pair of junctions of two wires of dissimilar 
metals or alloys at different temperatures 
produces an e.m.f, (Seebeck effect) 

Make a thermocouple by joining two long 


copper leads, to the ends of a stout iron wire. 
The ends are first thoroughly cleaned and then 
twisted together. The junction to be heated is 
tied to the bulb of a thermometer which read^ 
upto 360"C, and is embedded in a stand bath 
made by placing a large crucible full of sand 
on a burner. The thermometer is supported in 
a stand. 

The other end is kept at 0"C by immersing 
it in a mixture of ice and water. A screen of 
wood stops the heat of burner from reaching 
the cold juncuon. The circuit is completed 
through a sensitive galvanometer (Fig. 2.29) 



Fig. 2 29 Circuit to demonslraie Ihe thermo emf generated 
by a thermocouple 

The difference of temperature between the two 
junchons gives rise to an e.m,f, due to which 
a current passes in the circuit and deflects the 
needle of the galvanometer. 

Note: 1. In this expenment, the galvanometer 
functions as a microvoltmeter because its resis¬ 
tance is very high compared to that of the 
thermocouple. It is essential to use a sensitive 
galvanometer otherwise the thermo e,m.f gen¬ 
erated may not be indicated. A sensitivity of 
about 25p,V per division of scale is necessary. 
A typical galvanometer with, taul-suspension 
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movement may have this sensitivity and is free 
from fricuon, which always exists in the pivoted 
tjriie movement Electronic digital multimeter 
can also be used for this experiment A typical 
electronic digital multimeter may have various 
p.C voltage ranges from 100 |i.V to 1000 V. 

2 It is advisable to make thermocouples with 
various combinations and show that any com¬ 
bination of two dissimilar metals or alloys pro¬ 
duces thermo-electric e.m f Table 8 in data 
section gives the tlieimo e.m.f produced in p.V 
for vanous combinations. 

2.20 (Activity): (a) Make a sensitive thermo¬ 
pile and use it. (b) Observe the Peltier 
effect. 

(a) Making a Thermopile 

Paste a millimeter graph paper on a thick card¬ 
board sheet 15 cm x 15 cm. Over an area of 
13 cm X 13 cm of the graph sheet, pnek a matrix 
of 14 x 14 holes by a sewing needle say of 28 
SWG. Cut out 100 pieces of, constanian wire 
of 28 SWG (same diameter as the needle) all 
of equal length, say 7 cm Similarly cut 100 
pieces of copper wire of same gauge and length. 

Now, in the 196 holes of the matrix insert 
alternately the pieces of copper and constantan 
keeping half the length of each piece below the 
cardboard and half above it, as shown in 
Fig.2.30. In this figure dots (.) represent copper 
wires and circles (o) represent constantan wires. 

In the column AB of 14 wires twist about 
5 mm length of upper ends of (1,2) (3,4) ... 
(13,14) together and about 5 mm length of 
lower ends of (2,3) (4,5) (6,7)... (12,13). Repeat 
this process in all the columns With the help 
of a fine tip lOW soldenng iron, solder the 
twisted ends so as to reduce contact resistance. 

Having made these joints numbering 13 x 14 
= 182, you have 14 columns of 7 thermocouples 
each. You are to join these 14 columns in series. 
In the first row, AD, join the lower ends of 



Copper wire Constantan wire. 


Fig. 230 

wires (2,3) (4,5).. (12,13). Then in the last row, 
BC, join the lower ends of wires (1,2), (3,4).. 
(13,14). Now solder stout copper leads to lower 
ends of wires 1 and 14 in the fust row. With 
these joints numbering 13 x 14 + 13 + 2 = 197 
you have 98 upper junctions 98 lower junctions, 
which are all in series. 

Now you have the 98 thermocouples joined 
in series in which the first wire at comer A is 
of copper and last wire at comer D is of con¬ 
stantan with a copper lead at its lower end, 
which is also the c"’'’ I'f Nrf 'hemio- 

couple.Thi'" j ill■ > ill ■■■ 'iwn 
with lower 1 . 1 . i r, , sur¬ 
face of an ii the 

leads to a moving coil galvanometer. (Fig 
2.31). 

Rub your hands together briskly to warm up 
their surface. Touch your hands on the matrix 
of upper ends. The small rise of tempeiaturc 
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Fig 2B1 

produces thermo e.m.f, at each junction. Total 
e.m.f generated m die circuit is the sum of all 
the small 6.m.f.’s generated in the 98 thermo¬ 
couples and is detected by the galvanometer 
Note: Using this principle of connecting 
thermocouples in series, packed in a small space 
and by using a muror to focus radiation from 
a distance source, so sensmve instruments can 
be made which can measure radiation coming 
from individual stars. 

I 

I 

(b) Peltier Effect 

To observe the Peltier effect, you want to pas 



Fig. 131 Ctrctiiifor obiming the Peliier effret by using 
a Ihermopile 


a current through the thermopile and observe 
that one type of junctions get heated up and the 
other type cools down Crnncct the fheimopile 
you have made to a lead ;i: i'iimulaii>r, iliioiigli; 
a key, a rheostat and ammeter (hg. 

Check up that battery terminals are so con¬ 
nected that it passes current m the same; |Cj^ec-. 
tion m which current had passed by m^ldpg 
upper junctions warm. Pass a current of about 
100mA in the circuit so that resistive heating 
of the wires is quite small. After about one 
minute, feel the matrix of upper junctions and 
then, by the same hand, the matrix of the lower 
junebons. Do you feel that upper matnx is 
cooler tlien the lower one? 

Next, reverse the terminals of the battery. 
After some time, when temperatures of the 
upper matrix and the lower matrix become 
equal to room temperatures pass the current. 
After about 1 minute again feel the two matn- 
ces. Do you now feel diat the upper matrix is 
warmer. This generation of heat at one set of 
junctions and absorption of heat at the other set 
of junction is called Peltier effect 
Note 1 Clearly the Peltier effect occurs at each 
junction and thus occurs in a single thermo¬ 
couple too. To observe this effect, use of 
thermopile has been suggested because in a 
thermopile, total heat absorbed or generated is 
quite large and is easily observed. 

1L. Materials have now been developed m 
which the generated ihermo-e.m.f. is qmte large. 
Thus also generation of heat atone junction and 
absorption of heat at the other when current is 
supplied to it. is quite large. Thus these have 
been successfully used for (a) conversion of 
heat energy direct into d.c. electrical energy and 
(b) refrigerating a closed container by so put¬ 
ting a thermopile in one of the walls that pas¬ 
sage of a d.c. current in it absorbs heat inside 
the box and generates heat outside the box, 
which is delivered to the warm surroundings. 
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This idihholo^ IS, however, still at the research 
liii^i'^torV stage P' 

< 'topic V; HLOW OF CURRENT THROUGH 
ELECIUOLYTES 

2.2l ‘(benionstration): To demonstrate that 
a hig|)'Tesistance is offered by distilled water 
and h low resistance when sodium chloride 
is added to it. 

Take two electrodes A and B (.aluminium sinps 
or plates hanging from a wooden icd by naked 
copper wues will do) and dip diem ui a bealccr 
about half filled with distilled water (.analyti¬ 
cal reagent). Make a connecUon of the elec¬ 
trodes with a dry cell (1.5 volt) and a light 
emitting diode (LED), as per die circuit shown 
in Fig. 2.33. To start with, check if the LED 



Fig, 2JJ3 An arrangement to demonstrate the effect of 
adding salt on the electrical conductivity of dtslilled water 

has been connected properly in the circuit as 
it'conducls electric current m one direction only. 
Its proper terminal has to be connected to the 
positive terminal of the cell to make it glow. 
For checking this, take the electrodes A and B 
out of water, touch them with each other for 


^^iReference; Journal of Electrical Engineering, Novembef 
1984, p 94-95, article entitled New Matenals; 11; Theimo- 
electric Conversion Materials, 


out of watei, touch them with each other for 
a while and see that the LED glows. Next, leave 
A and B in the water and separate them with 
the maxunum gap of water. Does the LED glow 
now? 

Bring the two elalrodes A and B ntmer so 

lid ica * V hi jiihhiii gap of V. ghvt • Scv, if the LED 
3 *o',vc? '^.dd ' pmch of common salt to die water 
while tlte plates are as fiir apart as when LED 
■iV-h, iioh gto ,...g Juc., hke LED glow now? 

Di 2 .v dte coiiclucicnD on the basis of ycur 
observations and record. 

Notes: 1. If you replace the LED by a multi¬ 
meter which has various ranges for measuring 
d.c. current, add salt to water in equal measured 

tps, then you can find concentration of salt 
... each case and also the resistance of the 
solution. Do not alter the position of the two 
plates during the experiment. Thus you can 
study how die resistance vanes with concentra¬ 
tion of salt. 

2. In general, the resistivity Of an electrolyte 
(solution of a salt whose molecules break up 
mto anions and caitons) decreases with increas¬ 
ing concentration. This is due to the fact that 
as concentration increase, greater number of 
charge carrier (-fve and -ve ions) are available, 
which move in the electric field created between 
the two electrodes when a potential difference 
is applied between them. 

3. Whereas in a metal wire the drift of only 
the negative charges (electrons) contributes to 
the flow of current, in case of an electrolyte the 
drift of negative ions as well as positive ions 
contnbute to the flow of current However the 
nature of motion of positive ions or negative 
ions, both, IS similar to that of die small beeds 
in the mechanical analogue discussed in demon¬ 
stration 2.4. It is s i'lg-zag motion coupled with 
a slow drift in tlie direction of the electric force. 
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TOPIC VP CHEMICAL EFFECT OF ELECTOIC 
CURRENT 

2.22 (Experiment). To detemime the electro¬ 
chemical equivalent of copper. 

Appratus: Copper voltameter (with two copper 
plates as anodes and a central cathode (A sim¬ 
pler instrument merely withi two plates, one as 
anode and the otlier as cathtnic can also lx: 
used), ammeter (0-3A), 6V-hatie.Y (.or D.C. 
power supply), plug key, iheosiai, coimecinig 
wii’es, epicry paper, a sensitive b Jance, wcigi.t 
box, stop-watch/clock. 

Procedure' Thoroughly clean the copper 
plates with emery paper and wash them in 
water. Place the plates in ajar containing copper 
sulphate solution of density 1.15 to which 1% 
of sulphuric acid has been added. Connect the 
two outer plates together and to the positive 
terminal of the battery. Connect the central plate 
(cathode) to the negative terminal of the bat¬ 
tery. Put in the key and adjust the rheostat such 



Fig. 2.34 CireM /or determimttg iht tleetro-chemical 
tquivalent of copper 


that the current is of about 0 006 ampere per 
squaie centimetre of the cathode surface’ 
immersed in the soluuon (Fig. 2.34). After 4 or 
5 minutes take out the central plate, wash it 
thoroughly in water, immerse it m methylated 
spint or ether, and allow it to dry. Determine 
the mass of this plate accurately, because mass 
of copper that will be deposited on it will be 
far simllcv than its mass 

Now replace the plate in the circuit, allow 
die current (controlled by rheostat) to flow for 
about half an hour. Note the current after every 
two minutes and calculate its average value, /, 
for the entire time interval for which current is 
passed. Also measure this time interval t, by the 
stop-clock. Again take out the central plate, 
wash it thoroughly in water, immerse it in 
methylated spirit or etlier, allow it to dry and 
determine its mass accurately. Calculate the 
increase in its mass, m, which is the mass ol 
copper deposited. 

Then calculate the electrochemical equivalent 
of copper i.e., mass of copper deposited by 
1 coulomb of charge. 

z = m 
It 

Note: 1. One may ask the question why at 
all the first weighing is done after a 4 or 5 
minute deposit of copper. The reason is that 
there is always a small error due to some mois¬ 
ture staying on the surface. In the process 
described above this error is reduced to a great 
extent. Any effort to quicken the drying pro¬ 
cess or to make the plate completely dry by hot 
au IS likely to oxidise the deposited copper, thus 
making it a bit dark and adding the weight of 
oxygen which combines with surface layer of 
copper. 

2. If electro-chemical equivalent of several 
elements is measured, this experiment leads to 
verification of Faraday’s laws of electrolysis. 
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This may be taken up as an acuvity by inter¬ 
ested students. 

' 3 For detailed precautions about obtaining 
a good deposit, see experiment 2.24 (demon¬ 
stration of electroplating). 

2.23 (Experiment) : To find the ratio of 
masses deposited in two different voltame¬ 
ters connected in series and having differ¬ 
ent electrolytes. 

Apparatus' One copper and one silver vol¬ 
tameter, ammeter (0-3 A), 6 volt battery (or D.C. 
power supply), rheostat, connecting wires, 
fine-gram emery paper, a sensitive balance, 
weight box. 

Procedure: Thoroughly clean the plates of 
both the voltameters with emery paper and wash 
them with clean water. Connect both the volt¬ 
meters in senes and complete the cucuit a" 
shown in Fig 2.35. 



Fig. 235 Circuil for finding the ral'to of masses deposited 
in Iwo different voltameters connected in series 

On closing the key K, the flow of current 
starts in the circuit, resultihg in deposition of 
copper on copper plate in copper voltameter and 
silver on silver plate in the silver voltameter. 
Since the two voltameters are connected in 
senes, the amount of cunent passing through 
both is same and it flows for same hme. 

Using the same procedure as in experiment 


2.22 calculate the masses Wj and deposited 
on the cathodes of the two voltameters during 
same time interval, by the same current. 

Next see the table for the values of equiva¬ 
lent weight & Ej of copper and silver and 
check whether the ratio of deposited masses is 
same as that of their equivalent weights i.e 

3 - = 3 . 

ffij Ej 

Note All precautions that are to be taken in 
expenment 2.21 for getting a good deposit and 
correct mass of deposited metal, are applicable 
in this experiment also 

2.24 (Demonstration); To demonstrate 
copper plating/nickel plating. 

Note The complete process of electroplat¬ 
ing IS quite time-consuming. It may be taken 
up as a long activity (project) by interested stu¬ 
dents B ut a class demonstration in which plates 
arc previously cleaned is advisable. In the class 
room the circuit may be made, current may be 
passed for about 10 minutes and then the small 
amount of deposit on the cathode which makes 
the portion of cathode inside electrolyte distinct 
from the rest may be shown to students 

Procedure : In a copper voltameter or any 
vessel (which is not affected by dilute sulphuric 
acid) fill copper sulphate solution of density 
1.15, to which 1% of sulphunc acid have been 
added The object to be electroplated is made 
the cathode, i e. it is connected to negative ter¬ 
minal of the D.C. supply The metal to be 
deposited (copper in this expenment) is in the 
form of two plates, one on each side of Ihc 
cathode and is made the anode, i e it is con¬ 
nected to positive terminal. The copper ions in 
solution are positive ions, drift towards the 
cathode (so called cations) and get deposited 
on it. The sulphate ions are negative ions anii 
move towards the anode (so called antons). 
After giving their charge to the anode, sulphate 
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ions combine with the metal of the anode to 
form copper sulphate which goes back into the 
solution Thus the strength of the solution is 
maintained. For nickel plating, prepare a sat¬ 
urated solution of nickel ammonium sulphate 
in water of 25°C Filter it and add a small 
quantity of sulphuric acid (Fig 2 36) 



Fig. 236 Circml to demonstrate nickel platmg, 

The object to be electroplated should be per¬ 
fectly clean It is rubbed with fine emergy 
powder and even, somumes, against a polish¬ 
ing wheel. To remove grease it may be dipped 
in hot solution of caustic potash, washed with 
water, dipped in dilute nitnc acid and finally 
dipped in distilled water. During the process of 
cleaning and thereafter, the object should not 
be touched by hand, otherwise the grease from 
hands will spoil it. 

The solution (called electrolyte) should be of 
proper strength, if it is too concentrated, it will 
give dark and spotted deposite. The plating will 
be brittle and will go off easily. On the other 
hand, if the solution is too diluted, the deposite 
will be not only slow but also not firm and 
adherent. 

After cleaning the object to be electroplated 
and two plates of the me(^l to be deposited, sus¬ 


pend the former in the centre of the vessel and 
the latter on either sides of the former by coppef 
wires. Arrange the circuit as shown in Fig. Z36. 
Adjust the rheostat so that the current is of about 
0.006 ampere per square centimeter of t(ie area 
of the cathode Importance of correct strength 
of current should not be underestimated. An 
error on the lower side is safer A weak current 
gives a fine-grained and firmly adherent deposit, 
while a strong current gives a spongy and brit¬ 
tle deposit. Usually a 6-volt battery (or D.C. 
power supply) is enough to pass this current 
Pass the current for one or two hours, accord- 
mg to thickness of deposit desired. S Ur the solu¬ 
tion gently during the experiment. It ensures 
uniform thickness of the deposited layer on the 
cathode. The electroplated plate is then washed 
with hot water, dried and polished by rubbing 
briskly by a dry clean cloth (or buffed), 

2.25 (Demonstration): To demonstrate the 
working of (a) Voltaic cell, (b) Leclanche cell, 
and (c) Daniel cell. 

Theory: A primary cell, as you know from the 
textbook (Chapter IV) is a device for convert¬ 
ing chemical energy into electrical energy. It 
consists of two different metals separated from 
each other by an electrolyte. The e.m.f. of a cell 
depends on the nature and concentration of the 
chemicals used, and their size affects only the 
internal resistance. You would set up the three 
primary cells. 

(a) Demonstration of Voltaic Cell 

Take a beaker of 250 ml capacity and fill it 
3/4th with dilute sulphuric acid (molar solution). 
Next, take a clean plate of copper and one of 
zinc sheet, each 4 cm x 12 cm (about 1 mm 
diick) provided with a terminal to which is con¬ 
nected an msulated conducting wire. Stand the 
two plates leaning to the walls of the beaker. 
Measure its e.m.f. with the help of a high rests 



CURRENT ELEClRICn'Y 


65 


tance voltmeter (range 0-3V) using the circuit 
shown in Fig. 2.37. Next, complete the circuit 
by connecting a torch lamp B, an ammeter of 


Zinc plate 


HjSO^ sol 


Fig. XSl Circuit to demonstrate the ett^ of a simple 
Voltaic cell 

range 0-500 mA and a plug key in senes with 
the two plates of the cell (Fig, 2.38). Close the 
plug key. Do you find the ammeter to give some 


2inc plate 


Fig, 238 Circmt to demotutraie pohraatien in a simple 
voltaic cell. 

deflection even if the bulb does not glow? 
Observe if the current indicated by the amm¬ 
eter starts falling in a few minutes! Observe 
carefully the copper plate. Do you find that 
small bulbs start collecting on its surface (this 
phenomenon is called polariiaticn)! Clean this 




plate by taking it out of the electrolyte and pul 
It back. Do you find in ammeter that the cell 
again gives the full current as when it was 
fresh? 

(b) Demonstration of Leclanche Cell 

For demonstrauon of Leclanche cell take the 
three components used to assemble it (amal¬ 
gamated zinc rod, porous, pot, and glass jar), 
besides the ammonium chloride soluuon (Fig, 
2.39). Assemble the cell and connect a voll- 



Flg. 239 Construction of a Leclanche cell 

meter, of range 0-3V, to its terminals with a 
plug key in series (Fig. 2.37). Insert plug in the 
key to complete the circmt and record the e jnf. 
indicated by voltmeter. Next, take a carbon rod 
taken out of a discarded porous pot of a 
Leclanche cell. Assemble another cell, similar 
to the volatic cell, using the carbon rod in place 
of the copper plate (and use dilute sulphuric acid 
as electrolyte). Check up by a high resistance 
voltmeter (range 0-3V) that its e,m.f. is same 
as that for the Leclanche cell. Complete the 
same circuit for this cell as well as the 
Leclanche cell, as was done for the voltaic cell 
to check whether it can supply ^sustained cur¬ 
rent (Fig. 2,38). Plug the keys simultaneously 
and let the current flow for some time (say 3 
minutes). Keep observing the deflection indi- 
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caied by the ammeters in the two circuits. Do 
you find that the current in case of one drops 
and in the other it remains more or less steady? 
Why IS it so'> Observe carefully the contents of 
a discarded porous pot. Can you think of the 
role played by it? 

Measure the e.m.f, of a fresh dry cell using 
a high resistance voltmeter. Do you find it to 
be same as that for the Laclanche cell? Cut open 
a large discarded dry cell (Fig. 2.40), with the 



Fig 2.40 Construction of a dry cell 

help of a junior hack-saw (15 cm blade). 
Observe its components and compare these with 
those of a Laclanche cell. Do you find it to be 
a modified Leclanche cell, which is portable? 

You are advised to use the dry cells inter¬ 
mittently (by giving some rest-intervals). Can 
you think of a reason for this? Has the process 
of oxidising the hydrogen collected in the mix¬ 
ture of manganese dioxide and carbon, to do 
something with it? 

(c) Demonstration of a Daniel Cell 

Assemble Daniel cell by collecting its com¬ 
ponents; a specially designed copper vessel, a 
hollow porous pot with 5% solution of sulphuric 
acid in it and an amalgamated zinc rod. The 
copper vessel contains saturated solution of 
copper sulphate and crystals of copper sulphate 



Fig. 2.41 Construction of a Daniel Cell 

on a poms shelf immersed in the solution (Fig 
2.41). Connect a voltmeter to its terminals, 
using the circuit of Fig. 2.37). Observe the 
deflection in the voltmeter and record e.m.f. of 
this cell. Is it same as that for Voltaic cell? 

Next use the cell to complete the circuit of 
Fig. 2.38. Observe the deflection in the amm¬ 
eter. Does it remain steady? How do you com¬ 
pare its performance with that of Voltaic cell ? 

2.26 (Demonstration); To show the working 
of a lead acid battery. 

(i) Examine the lead grid taken out from an 
old lead acid battery. 

(ii) Observe its low internal resistance, by 
connecting it through an ammeter 
(O-lOA). Use a resistance of 1 Ohm in 
series for a 6V motor cycle battery, in 
order to prevent damage to the battery as 
also heating up of connection wires, 
which may cause a bum. The circuit 
should be completed for not more than 
one or two seconds. For this purpose use 
a tapping key in the circuit and not a plug 






CURRENT electricity 


67 



Fig. 2.42 Circuit to demonsirale the low internal resistance 
of a lead acid battery. 

key. Observe a minute fall in the voltage 
of the battery, indicated by the voltmeter 
(Fig. 242), when the key is pressed 
Explain the necessity of never short cir¬ 
cuiting it. (Some equipment like an amm¬ 
eter of smaller range, etc. may get 
damaged by the heavy current produced 
and life of the accumulator itself is greatly 
reduced.) 

(iii) It should be recharged when voltage of 
any cell in it falls to 1.85 volt, from the 
normal voltage of 2,0 volts. For this pur¬ 
pose it should be connected to battery 
charger, as shown in Fig. 2.43. The reac¬ 
tions during its use and during charging 
are as follows:- 

Positive electrode 
PbOj + 4H+ + so; + 2e- 

PbSO, -H 2 HjO 

charging 

Negative electrode 

Pb + SO 4 = us^g PbSO^ + 2e' 
charging 

Thus, PbS 04 is formed on both electrodes 

during use and an over-used cell is said to have 


-0 


■Battery ctiBrger ^. 


Battery 

- -- 

/ t I 

Fig. 2.43 Circuit for charging a battery with the help of 
a battery charger, 

become "sulphated". Also, formation of water 
and consumption of sulphuric acid and conse¬ 
quent decrease in density of the acid takes place. 

Smce ordinary voltmeters may not measure 
voltage quite accurately, a voltage of 1.85V may 
be read as 1.9'' "Pus measuring e.m f of an 
acid accumulator is not the best method to test 
whether it needs recharging. Density of the acid 
inside, IS a much better indicator. In a charged 
accumulator, it is 1.26 kg/1. When it falls to 1.20 
kg/ 1 , the accumulator needs to be recharged 
Measure density of acid inside the accumula¬ 
tor by the special hydrometer made for this pur¬ 
pose and infer tlie condiLon of that accumulator. 
The density should be measured only after "top¬ 
ping it up" with distilled water 

(iv) Effect of over-charging a battery is loss 
of water by electrolysis and hence the 
need to check it'' vater level continually 
and bring it up by adding disulled water. 
This process is sometimes referred to as 
"topping up" with distilled water. 

(v) A 6 -volt small lead acid battery used m 
photography has a system of beads built 
into it, which indicate the condition of the 
cell at a glance, by giving you an idea 

' whether density of the acid inside has 
become too small. Thus this kind of bat¬ 
tery IS much easier to use and is quite 
good for currents uplo lA 

(vi) Sulphuric acid for a new battery is made 
by pounng slowly the concentrated acid 
into distilled water, 3-umes its volume. 
When this acid cools, it is filled in the 


A C, mains, 5 




new lead acid battery and then the battery is 
charged overnight. 

TOPIC vn. USE 01- POTErfnOMETEU 

The Polentiometer- It consists of a long wire 
of uniform cross-section stretched between two 
brass strips A and B (Fig. !2.44). Lengllis of 



Fig. 2.44 Circml to study the fall of potential along a polen- 
liomeler wire It can also be used to find the end cross- 
section of the potentiometer. 

1 metre, 2 m and 4 m are common. When the 
length is greater than 1 metre, it is divided into 
sections of 1 metre long each, which are con¬ 
nected in senes, on a plane wooden board. 

When a current is passed in the wire with the 
help of cell E, a potential difference is devel¬ 
oped between A and B. Potential difference also 
exists between the point A and any point C on 
the wire, which is proportional to resistance of 
the portion AC of the wire. Since this resistance 
IS proportional to length I, of the wire, AC, the 
potential difference V, between A and C is also 
proportional to /, and varies continuously along 
the wire. This fact is often referred to as the 
principle of potentiometer. You may like to 
check up this fact by connecting a voltmeter 
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between A and C, measuring V and / and plot¬ 
ting a graph betvi/een theml It may, however, 
be mentioned that precision of any voltmeter 
is far less than that of the proportionality ffcla- 
tion between V-and I in a commoh potentio¬ 
meter in a school laboratory. 

The contact at the moving pomt C is made 
by a device, called jockey. It has a knife edge 
perpendicular to the wire which is lightly 
pressed down to make contact with the wire 
(Fig 2.45). A mark on the frame in which the 



Klg. 2 4S The jockey which provides a'sliding‘bontact on 
the wire and enables one to observe the position of con¬ 
tact point of the metre scale. 

knife edge is fitted, helps to read the position 
of the knife edge on the metre scale. The arrow 
J in the diagram is the symbol for this sliding 
contact (i.e. the jockey). . , 

The potentiometer is essentially a device 
which converts the potential difference at the 
terminals of a cell into a continuously variable 
potential difference. Also this potential differ¬ 
ence IS accurately proportional to length of the 
wire AC. We may cither operate another 
instrument by this variable potential difference 
or compare an unknown potential difference 
with it. For either function, the current in the 
wire AB (Fig 2.44) should remain constant 
throughout the experiment This implies, that 
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the e.m.f. of the cell or accumulator E, which 
supplies this current should not change during 
the experiment. To ensure this, the current 
should be drawn intermittently ,ior short inter¬ 
vals of time. As an added precaution, it may 
be monitored by. a sensitive ammeter (or milli- 
ammetpr) and re-adjusted whenever necessary, 
with the help of a rheostat (Fig. 2.44). 

End Correction of Potentiometer- GbwQmhj 
for / = 0, you expect the potential difference 
between A and C to be zero, as the two points 
coincide. It may not happen, however, in some 
instruments. If the end A of the wire and lower 
surface of the strip A are not quite clean, a con¬ 
tact resistance may develop between the stnp 
and this end of the wire, Measure potential dif¬ 
ference between A and C, for posinon of C 
close to A, (say, within 10 cm of the end A) 
with the help of a milli-voltmeter. Then plot a 
full scale graph between V' and /, i e a distance 
of 1 cm along l-acis in the graph represents 
1 cm length of the wire You get a straight line, 
but it may make a negative intercept on the 
1-axis. This negative intecept gives the end cor¬ 
rection at end A, i.e. the length of wire which 
will have same resistance, as the contact resis¬ 
tance at end A. 


2.27 (Experiment): To compare the e,m.f.’s 
of two cells by using a potentiometer 

Apparatus' Potentiometer with jockey, plug 
key, source of D.C supply, rheostat, a 
Leclanche cell, a Daniel cell, a two-way key, 
galvanometer and resistance box (or a resistance 
of ICXXIO and another plug key to shunt it 
and thus make it zero when desired). The e,m.f. 
of the sourpe of D.C. supply must be more than 
either of the cells. 

Procedure; First connect the circuit as shown 
in Fig. 2.44 and find the end correction at end 
A of the instrument. Use the galvanometer itself 
as a millivoltmeter for it. There is no need to 



know the p.d. readings in mV, and it may be 
measured in an arbitrary unit, represented by 
a scale division of galvanometer. 

Next, connect up the circuit as shown in Fig. 
2.46, E, and E^ are the two cells whose 
c,m,f.’s are to be compared, say a Leclanche 
cell and a Daniel cell. K, is a 2-way key so 
arranged that the cell E, and Ej can be con¬ 
nected to the galvanometer easily without any 
troublesome disconnections. Two simple plug 
keys can also be arranged to serve the same 
purpose. The galvanometer G is connected to 
sliding contact J tlirough a resistance box, 
of lOOOO Cl (or a single resistance of 10000 0) 
shunted by key 

First set the rlieosiat at zero resistance 
and a high resistance R^ in the resistance box 
for safely of galvanometer, Test the circuit as 
follows’ with the galvanometer connected to 
Ep touch near each end of the potentiometer 
wire in turn with the jockey and the galvano¬ 
meter should show opposite deflections. Repeat 
the same process with Ej. If opposite deflec¬ 
tions are not obtained with both cells, check that 
positive poles of all three cells E, Ej and E^ 
are connected to same point A on the poten¬ 
tiometer, (It obviously makes no difference if 
negative poles of all three cells are connected 
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to A). 

Now with E, connected to the galvanome¬ 
ter, obtain the null point Xj on the wire, i.e. 
with the jockey connected at Xj there is no 
deflection in the galvanometer. First find 
approximate position of Xj with a high resis¬ 
tance in senes with galvanometer and then 
the accurate position with shunted by 
Note the position of Xj on the meter scale, 
which gives the length AXj (= 1^). Similarly 
find null point X^ with Ej connected to the 
galvanometer and measure the length AX^ (= 

g. 

Change the resistance in rheostat a little 
so as to change the current in the potentio¬ 
meter wire and thus the potential difference 
across AB. In same manner as described above, 
obtain a new set of values of and ij. Since 
the fall of potential along the wire is propor¬ 
tional to its length, for any set of values of /| 
and Ij. 

J 2 . = _L ^1 ^2 respectively are 

I, 

(2) Comparison of and 


e.m.f.'s of cells £j and E^. If you are required 
to make an accurate comparison of E^ and 
then find the end correction of end A of the 
wire, as deiscnbed earlier, and add it to both 
and /j 

Observaaons- 

(1) Measuring the end correction • 


Length of wire A.C. / (cm) 


Pd. across AC, V 
(Scale division) 


From y versus I graph, end correction at end 
A =_cm 


Note • It may be noted that while finding the null 
points, no current is drawn from the cells 
E^and E^. Thus p.d. across /j and are equal 


SRo of rheo- Posttton of null point Corrected value of 

siat setting 


*1 *1 »2 

(cm) (cm) (an) (oil) 




= it 
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to thcir true e.m.f.’s. In contrast to this, if we 
attempt to measure their e.mif.’s by a voltme¬ 
ter, some current is drawn by the voltmeter and 
what we measure is something less than their 
tme e.m.f.’s. 

2,28 (Experiment); To find the internal resis¬ 
tance of a cell by potentiometer. 

Apparatus: Potenbometer with jockey, a dry 
cell whose internal resistance is to be measured, 
three plug keys, source of D.C. supply, a resis¬ 
tance box, a 10000 ohm resistance. 
Procedure The procedure is same as m exper¬ 
iment 2.26. The only difference is that instead 
of two cells £j and of expenment 2.26, we 
connect the d^ cell D, and shunt it by resis¬ 
tance box through plug key (Fig. 2.47). 



Fig. 2.47 Circuit for finding the internal resistance of a cell 


The first null point is obtained with Kj 
open and thus when no current is drawn fi-om 
the cel] D. Then length of the wire AX^ (=/^ 
is noted 

Now a null point X is obtained with K, 
closed and some resistance Rj in the resistance 
box and length of the wire AX (=/) is noted. 
Without changing the reststance of rheostat. 


R^, find several null points with vanous resi¬ 
stances Ry Each time note the resistance R^ 
along with the length / of potentiometer wire 
A to the concerned null point 
The first length corresponds to e m.f. of 
the cell D when no current is drawn. The sub¬ 
sequent lengths are smaller because p.d, across 
the terminals of the cell is reduced when some 
current is drawn from it. The e.m f. of the cell 
D derives a current through total circuit resis¬ 
tance r + R^ where r is the internal reststance 
of cell D. Thus p.d, across its terminals (or at 
the terminals of R,) is the fraction £3 / (r + ) 
of the e.m.f. of the cell D. 


r + /fj 


R, 


Rj ir r 

Plot a graph between l/R^ and 1//, taking 1// 
along the X-axis. Draw a straight line as close 
to the points plotted as you can. The negative 
intercept on the Y-axis, along which 

1 is taken, gives the values of 7 (Fig. 

7?j r 

2.48) Thus palculaie r. 
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Question: (i) While drawing the straight line 
graph will you treat the point corresponding td 
first reading when 7?^ = » and position of null 
point is /q as a point on the graph, like the 
points corresponding to subsequent readings? 
j (ii) You know the end correction at the end 
A of the wire. Is it of any significant use in your 
I calculation? (No, because the relationship 
between r and can also be wntten as R, = 
R, (/„-/)// End connection does not affect the 
numerator of this formula and its effect on the 
denominator is quite small, as / is quite large), 
Notes: 1. As stated earlier, the key should 
be closed for short intervals only during which 
null point is being located. 

2. Small current (upto 300mA) should be 
drawn from the dry cell D, for short intervals 
only, so that e.m.f and internal resistance do 
not change during the experiment Thus do not 
make a resistance less than 5Q in resi,stance box 
(Fig, 2.47), as the em.f of a diy cell is 
1.5 volt. 

2.29 (Experiment); To compare accurately 
two resi-stances of approximately equal value, 
using a potentiometer. 

Apparatus- Potentiometer with jockey, two 
sources of D C. (accumulators), two plug keys, 
two rheostats, sensibve galvanometer, two resis¬ 
tance and which arc to be compared 
(e.g, one may be a suspended standard resis¬ 
tance and the other a trustworthy standard resis¬ 
tance of same value) 

Procedure Connect the circuit as shown in Fig. 
2 49. The points A and X are connected to the 
resistances R, and 7?^, through a double pole 
double throw switch Thus potentiometer mea¬ 
sures the potential differences across when 
this switch connects to A to C and D to J Sim¬ 
ilarly, it measures the potential difference across 
/?, when this switch connects to A to D and J 
toE, 



Fig 2.49 Circuit for accurate comparison of two nearly 
equal resistances Ri ond Rj 

The resistance Rj and Rj are connected to 
senes through key Kj to accumulator and 
rheostat R^, Thus exactly the same current 
passes through both the resistances when key 
Kj is closed. Hence 

R‘ P.D. across Rj 

Rj P.D, across R^ 

For maximum sensiuvity, thep.d. across the 
potentiometer wue AB is adjusted to be slightly 
more than the p.d. across the larger of the two 
resistances Rj and Rj. Thus the null points for 
each of the resistances R, and Rj will be close 
to the end B of the potentiometer wire. 

Rest of the procedure is similar to experi¬ 
ment 2.26 (comparing e.m.f,’s of two cells) 
Null point Xj is obtained for the P.D. across 
resistance Rj the length AXj (=/j) is measured. 
Then by changing the'position of double pole- 
double throw switch null point X, is obtained 
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for the P.D. across resistance and length 
AXj {=1^ IS measured. Then 

^2 ^2 

since 1, and /j differ only little, the end correc¬ 
tion does not significantly affect the result as 
in experiment 2.28. 

Not0 1. If the potentiometer wire is of accur¬ 
ately uniform cross-secdon any two resistances 
can be accurately compared by this method The 
end correction at end A must, then, be added 
to /, as well as to /j, 

2J0 (Experiment): To study the variation of 
the thermo-e.m.f. generated in copper-iron 
thermo-couple with temperature using a 
potentiometer. 

Apparatus: Potentiometer, storage cell plug key, 
resistance box (upto 5000 ohm), sensitive gal¬ 
vanometer, thermometer, thermocouple, 2 
beakers, metre bridge, ordinary galvanometer, 
connection wires, a resistance of 10000 ohm 
shunted by plug key, 

Procedure: First find the resistance R of the 
potentiometer wire using the resistance box, 
meter bridge and ordinary galvanometer. Do not 
forget to use the 10 kfl resistance in series with 
the galvanometer for rough adjustment of null 
point. 

Next, connect the potentiometer wire in series 
with the resistance box Rj, key K and storage 
cell E (Fig 2.50). Make a sutiable resistance 

in the resistance box so that ilie potenual 
difference across the potentiometer wme is 
about 2 mV Calculate tins p.d.. 

P.d. across potentiometer wire = ERI(R + 

/«,). 

By the use of this arrangement, the poten¬ 
tiometer performs the interesting task of pro¬ 
viding a very small continuously variable 
potential difference, with which the small 
thermo e.m.f. generated is compared. 

Now take iced water in one beaker and boil- 



Fig.2 ,50 Circml for measuring the thermo emf generated 
by a thermo-couple 

ing water in the second. Make the thermocouple 
by joining copper wire (connection wires) at the 
ends of the iron wire. Immerse one junction in 
cold water and the other in hot water. Suspend 
the thermometer in hot water. Connect the pos¬ 
itive lead of the thermocouple to positve end 
of A of the potentiometer. Connect the other 
lead to sliding contact J, through the sensitive 
galvanometer. 

Adjust the position of the sliding contact 
(jockey) on the potentiometer wire so that the 
galvanometer deflection is zero During this 
procedure, keep sufficient ice floating in the 
cold bath so that the temperature of cold junc¬ 
tion of thermocouple is maintained at O'C while 
that of the hot junction is slowly coming down. 
When zero deflection in galvanometer is 
obtained, note the temperature f, of the hot junc¬ 
tion and the balancing length / of the potentiom¬ 
eter wire. Record these observations foi 
different temperatures of the hot junction, as it 
cools by about lO'C each time. Let the current 
in the potenbomeier wire pass continuously 
dunng this procedure. It will neither heat up the 
potentiometer wire significantly, nor cause a 
significantly droping the e.m.f. of storage cell 
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due to discharging, because it is a very small 
current (or the order of 0.5mA). 

For each temperature of hot junction, calcu¬ 
late the thermo-e mi. generated, e: 

e = ERIIL(R+Rj) ‘ 

where / = balancing length of potentiometer 
wme, and 

L = total length of potentiometer wire. 
Plot a graph between e and t (Fig. 2.51). Find 
the slope of the graph elt. 



Fig. Z 51 Graph showing Ihermo-emfas a function of tem¬ 
perature difference between the two junctions, 


Notes 1 To perform this expcnment you 
require a sensitive galvanometer with taut sus¬ 
pension movement as in demonstration exper¬ 
iment 2.18. You also require some skill in using 
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it, Thus, if you have both and you are inter¬ 
ested in doing this experiment, then it may be 
taken up as a project work. 

2. If you are doing this experiment as a pro¬ 
ject work, use various thermocouples that can 
be made by three of four materials. Find in each 
case the increase in thermo-e.m.f. per degree 
Celsius rise m temperature of hot junction (elf) 
Are these results for various thermocouples 
related in some way? Does the slope of graph 
elt for a thermocouple depend on the temper¬ 
ature of the hot junction? 

3. A good alternative to using potentiometer 
for measuring thermo-e.m.f at various temper¬ 
atures, is to use a sensitive galvanometer as a 
micro-voltmeter, as was done in the demonstra¬ 
tion experiment 2.19. The apparatus required 
and procedure is, then, identical to experiment 
2.19. Heating arrangement of the above exper¬ 
iment 2 30 may be used (in place of the sand 
bath of experiment 2.19) for better accuracy in 
measuring temperature of hot junction by a 
mercury thermometer. However, a small error 
in measuring temperature arises on account of 
Peltier effect coming into play when current 
passing through the two junctions is not zero. 
It makes the experiment simpler to do, but you 
still need a sensitive galvanometer with taut 
suspension movement and skill of using it. A 
few bright students can take it up as a labor¬ 
atory experiment, followed by another one to 
use this thermocouple thermometer for finding 
the melting point of wax. 



Theme III 


Magnetism and Electromagnetism 


We have seen that moving electric charge con¬ 
stitutes an electric current. We also studied the 
thermal and chemical effects of electric current. 
In this theme, we shall study through experi¬ 
ments, yet another effect of the moving charges, 
namely the magnetic effect. 

TOPIC I MAGNETIC FIELD OF A PERMANENT, 
MAGNET 

3.1 (Activity): Use of compass needle as a 
probe. 

Take a compass needle. Place it on a sheet of 
paper placed on the table. Observe that the 
needle points in a definite direction, which is 
approximately the north-south direcuon. Record 
this direction by marking a point in front of each 
pole of the compass and joining them. Displace 
the position of needle on the table and again 
note the direction of the needle. You will notice 
that wherever you place it and how-so-ever you 
rotate it (keeping it horizontal), it always comes 
to rest in a definite direction. Doesn’t it sur¬ 
prise you?^ Compass needle serves as a good 
probe to investigate the magnetic field at a 


At the age of 5 years, Albert Einstein was given by his 
f>iher, a compass needle as a toy, While-playing with il, 
he was suipnsed by the deiennined behaviour of ihe corn- 
pus needle to come to rest in a definite direction The 
hnprcsston of this determined behaviour lasted with Ein- 
itcin till the end of his life and prompted him to take to 
ictenoe. 


place, in much the same way as an electric 
charge serves as a probe to detect an clecutc 
field. The direcUon of magnetic field at that 
place is indicated by a line drawn from its south 
pole to Its north pole. 

Mark any point A near the south edge of the 
paper (Fig. 3. la). Place the compass such that 
its south pole coincides with this point and mark 
a point B in front of the north pole. Then shift 
the compass to a position such ihatB coincides 
with south pole of the compass and mark a third 
point C in front of new position of north pole. 



Fig. 3.1 Magnetic Field pattern in your laboratory (a) due 
to earth alone (b) in the vicinity of a magnetic material 
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Continue like this, step by step, till you reach 
the north edge of the paper. Join all points by 
a smooth curve. Yon get a line of force, because 
the tangent to this line at any point, indicates 
the direction of the magnetic field at that point. 

Starting from a. few more ppinte A^, A^, 
A 3 ....,near the south edge of paper draw ? few 
lines of force, You get a partem as shpwn in 
Fig.' 3.1a. This is the field pattern of earth’s 
magnetic field on your table. You will acc,,ihat 
the earth’s magnetic field at all the points |s in 
the same direction. This is indicated by paral¬ 
lel lines of force. Besides being in the same 
direction, the strength of this field is also the 
same at all points. 

You may, get a partem in your experiment, 
ns shown in Fig. 3 lb., the lines of force being 



Fig. 3,1(1)) 

curved. This indicates presence of a magnetic 
object nearby an iron almirah, or a strong 
magnet, or lot of iron used in the constiuction 
of ihe building, etc which alters the earth’s 
magnetic field. 

3.2 (Experimentl: To map the magnetic field 
due to a bar magnet with north pole of the 
magnet pointing towards north in the 
presence of earth’s magnetic field. 

Apparatus ; A bar magnet, a plotting compass 


(a small compass of between 12 mm to 20 mm 
diameter), a half metre scale, a sharp pencil, 
drawing board, sheet of paper, an accurate com¬ 
pass of above 50 mm diameter. 

Proceduite . We can never map the field lines 
of a bar magnet alone. The magnetic field of 
the earth is mvanably super-imposed over the 
ilield the magnet. At every point, therefore, 
what we get is the resultant field which is the 
yeptor sum of the two fields A compass needle 
in such circumstances would point in the direc- 
uon of the resultant field. At certain points, the 
compass needle may not show any preferred 
direction. These points are called neutral points, 
At these points, honzontal component of earth’s 
magnetic field is equal and opposite to the field 
due to the magnet. One may plot the combined 
field of earth and magnet keeping the magnet 
in any position of one’s choice. In this exper¬ 
iment, you will keep the magnet with its N- 
pole towards north. 

Fix a paper on the drawing board. Draw a 
line joining mid-points N and S of the longer 
sides of the paper (Fig 3 2). In order to orient 



this line along the direction of earth’s magne¬ 
tic field, pul the large compass at the middle 
of this line. (Pm all magnets and magnetic sub-, 
stances away from the drawing board). Rotate 
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the board till Iho middle line NS is'parallcl to 
the compass needle. During this process, tap the 
board gently to ensure that friction between the 
nhcdlo and its pivot is minimised and that it 
rotates freely. In such a ease the needle will 
point along the north-south dirccbon. ■ ' 

Place the magnet symmeu ically in the rhiddlfc 
of line NS a,s shown in the figure with its north 
pole pointing towards north. Mark the boun¬ 
dary of the magnet witli a sharp pencil, This 
will enable you to place the magnet in the same 
position, just in ease it is accidentally disturbed 
during the experiment. 

. Place the plotting compass near the norQi 
pole of the magnet. Tap it gently and mark' two 
dots A and B against Ihc two pointed ends of 
the compass needle with the lip of a sharp 
pencil. Then shift the compass so that south pole 
of the needle coincides with the second dot B 
(the one against the north pole of the compass 
needle in previous position) and mark a third 
dot C now against the north pole of the com¬ 
pass needle. In this manner, go on step by step 
till the other end of the magnet is reached. A 
smooth free-hand curve drawn through the 
points marked on the paper gives a magnetic 
line of force. 

Plot several lines of force around the magnet, 
indicating their directions by arrow-heads. You 
will notice an area around the point nj (Fig. 
3.2) such that the fields at D and E are in oppo¬ 
site directions. Thus going from D to E the 
direction of the field reverses. This region is the 
neutral point region. There is another similar 
region around the point 

Lines of force should be plotted with care in 
the vicinity of neutral points. To locate the neu¬ 
tral points accurately, plot the lines in this 
region as close to each other as possible. Lines 
plotted in this region need not be plotted from 
the poles of the magnet and may be rather short 
in length, i.e., you may plot only small portions 
of lines of force in order to narrow down the 
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neutral point'yegldnS'. '' *7 

‘ fnia n'dillrai p6m( i'Cgron( plac'd the plotting 
compass at such a "jjositiOn' by trial tmd error 
thait its needle Stays In arly dif ciction ahd has no 
preferred dfreic'tioji 'Mark the circular’bo'und^y 
of'the cbnipass.'The'centre'of this circular 
bOundary 'givcs the position of the neutral point. 
In this'manner locate both the neutral points 
and 

Notes 1. It may be noted that a line of force is 
a sipooih curve, whereas in oblammg a few 
points on a line of force we, inevitably, move 
in small steps slightly larger than the diame¬ 
ter of Ihbplotting compass. Figure 3.3 explains 


Plotting compass 



Fig. 3.3 

how we obtain points on a line of force with 
rranimum error. Suppose ACB is an aciiial line 
of force passing through the point A, which is 
arbitrarily chosen as the starting point NOS is 
the magnetic axis of the compass needle. We 
adjust the location of compass such that A lies 
on the bne NOS. Then mark the point B on this 
line against the pole N. The line AB is in fact 
a tangent to the line of force (curve) which 
passes through the centre of AB Smaller the 
compass needle more accurately it will repro- 
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cliicc the curve. On the other hand there is ine¬ 
vitably some experimental error in marking the 
' points A and B. Thus angle between line AB 
as marked by yoti and correct direction of com¬ 
pass needle is larger, the smaller is the com¬ 
pass needle. A compass of diameter between 
12 mm and 20 mm represents the best com¬ 
promise, for plotting the magnetic field of 
common laboratory magnets on a drawing 
board of about 38 cm x 45 cm. 

2. Sometimes, a more expensive kind of plot¬ 
ting compass IS used, in which the magnetic 
needle is supported between two glass sheets. 
The magnetic needle is arrow-shaped (Fig. 3.4). 


m this type of compass is significantly more 
than that in which the magnetic needle is sus 
pended on a sharp pin. 

33 (Experiment): To map the magnetic field 
of a bar magnet with notth pole of tht 
magnet pointing towards south, in the 
presence of earth’s magnetic field. 

Apparatus . Same as in experiment 3.2 
Procedure ' Same as in expenment 3 2, excep 
that the line in the middle of the paper joins the 
mid-points N and S of the shorter sides of the 
paper (Fig 3.5) and this line is adjusted to bel 



fixpericnee shows that it does not give a good 
field pattern. In an effort to increase accuracy, 
while plotting the lines of force, its position is 
so adjusted that the previous point A comes in 
the cavity at the south pole of the magnetic 
needle. Then the point B is marked against the 
north pole outside the compass It is not pos¬ 
sible to mark the point B just at the north pole 
of needle, through the glass, Main reason for 
usual failure of this kind of compass is, how¬ 
ever, technical. Unless tl has jewelled bearings 
at both ends of the axle of the needle, friction 



along the magnetic meridan. This enables max¬ 
imum available space for locaPng the neutral 
points Hj and n^, which lie on the north and 
south of the magnet. 

Exercise: 1. Map the magnetic field of a bai 
magnet with north pole of the magnet pointing 
east in the presence of earth's magnetic field 
2. Map the magnetic field of a bar magnel 
with north pole of the mapet pointing to wesl 
in the presence of earth’s magnetic field. 
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, Apparatus and proced^ne for both these exer¬ 
cises is the same as that in experiment 3.2. Will) 
north pole of magnet pointing towards east 
(exercise 1), two neutral points may be 
expected, one m the north-west and other ia 
south-east of the magnet In exercise 2, one neu¬ 
tral point may be expected in the north-.east and 
the other in the south-west of the magnet ' 

3.4 (Demonstration): To demonstrate the 
tines of force of a magnetic field with the help 
of iron filmgs. 

Take a strong bar magnet of length 7.5 cm or 
10 cm. Race it in the centre of and under a glass 
sheet of 30 cm x 30 cm size. Spnnkle fine dry 
iron filling around it on the glass sheet Keep 
the glass sheet horizontal by supporting the four 
comers on four wooden blocks, and check it by 
a spirit level. Now gently tap the glass sheet 
several times. The iron filings arrange them¬ 
selves in a regular pattern as shown in figure 
3,6. This happens b^ause under the influence 



Ftg. 3.6 Iron filmgs near a bar magnet align themselves 
along the lines offeree, 

of magnetic field, iron particles behave hke 
small magnets and form long chains along the 
Imes of force of the magnetic field. It may be 
noted that these chains start from the north pole 
‘ of the magnet, end at the south pole and avoid 
contact with middle portion. 


, .The pattern ofiron filmgs on glass,sheet may 
.;be fixed by spraying clear lacquer paint on the 
glass sheet,i^ter jt,becomes dry,,,it can be put 
up as a,permanent display. , j. m-, , 

An alternative way to make-a.permanent 
record of pattern , is to stick f a 30 cm x 
,30 cm sheet of ferrotype paper on.the,giasisheei 
• with adhesive tape, along the four ,edges. The 
paper must become almost as plane as the glass 
sheet without any, wrinkles, in-it .The entire 
experiment is, then, done on this ferrotype 
paper. After the pattern is formed^ ,the glass 
sheet (along with the paper and iron filings on 
it) is put in the sun undisturbed. After devel¬ 
oping this ferrotype paper, a shadow photograph 
of the pattern is obtained. For best results, the 
sun-hght should fall ori the glass sheet nearly 
perpendicular to its surface. 

Questions: 1. Suppose yOu perform the exper¬ 
iment with a plotting compass as follows You 
'place the magnet below a thin glass plate (or 
a plane sheet of thin plywood or thick card- 
,'board). Fix a paper on the plate and adjust it 
horizontal with a spirit level. Then you plot the 
'lines of force with a plotting compass. What 
kind of lines of force do you expect to get? Does 
any line of force make a complete loop through 
the magnet? 

2, Why iron particles align themselves in the 
pattern of lines of force in the experiment 3 4 
above? (Each iron particle becomes a tiny 
magnet in the vicinity of a powerful magnet). 

3. Observe a pattern of lines of force and try 
, to infer the relation between gap between two 

adjacent lines of force and strength of magne¬ 
tic field in this gap, and state what inference 
do you draw from it, (Smaller the gap, stronger 
is the magnetic field). 

3.5 (Demonstration): To demonstrate the 
lines of force of a magnet b three dimen- 
•sions. 

Place a strong bar magnet (length 10 cm) on 
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a drawing paper fixed on a horizontal drawing 
board will) ils north pole towards north. Plot a 
few lines of force of this magnet, as in exper¬ 
iment 3.2, on one side of the magnet, say to cast 
of the magnet, with the help of a plotting com¬ 
pass. 

Now take a tracing paper, half the size of the 
drawing paper. Keeping its longer edge com- 
cident with axis of the magnet, copy the lines 
of force on the tracing paper. Next, fix the trac¬ 
ing paper on a cardboard so that its edge coin¬ 
cides with an edge of the cardboard. Fix the 
cardboard in an inclined plane, with its edge 
coinciding with the axis of tlie magnet (Fig. 
3.7). The lines drawn on tracing paper now rep- 


Inclined chrd-board 



resent the lines of force of the magnet in the 
plane of the cardboard, which is not a horizon¬ 
tal plane, Bnng the centre of a small dip needle 
(a magnetic needle capable of rotating in a ver¬ 
tical plane) at any point on a line of force on 
the cardboard and make its plane of rotation 
parallel to the cardboard Observe that thc-dip::_ 
needle aligns itself tangential to that line of 
force. 


You can easily construct a 3-dimensionaI 
model of the lines of force. You need some 
copper or aluminium wiies of 16 SWG. Cor' 
responding to each line of force drawn on the 
horizontal drawing board, make 6 or 8 pieces 
ol wire which are so bent as to coincide with 
that line from north pole to south pole of the 
magnet. Make a wooden strip of square cross- 
ection equal in length to the magnet. At each 
end of wooden strip dnll a hole of 6 mm dia¬ 
meter and about 10 mm deep. Support the wires 
(representing lines of force) in the two holes 
in various planes around the wooden strip. It 
can be put up as a display by hanging the 
wooden strip horizontal with the help of two 
threads tied near its ends. In this display the 
wires have to be held fiimly as they tend to hang 
down. 

3.6 (Demonstration): To demonstrate that an 
aggregate of iron filings when suitably mag¬ 
netised behaves as a magnet. 

Take a test tube Fill it about 5/6lh with iron 
filings. Close the tube with a rubber or cork 
stopper. Attempt to plot the hnes of force due 
to this aggregate of iron filings. You will see 
that except in the close vicinity of the test tube, 
the compass needle essentially plots the earth’s 
magnetic field. Now stroke the test tube repea¬ 
tedly with the help of a strong bar magnet as 
shown in Figure 3.8a Now plot the lines of 



fig. 3.8(a) 
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force. You will notice that the map of lines of 
force is similar to the one produced by a bar 
magnet. You will thus see that by aligning the 
•iron dust along a particular direction, the whole 
aggregate shows a cooperative phenomenon. 
Previous to magnetisation, these liny magnets 
m the form of iron filings were oriented in 
random direction, so that the net magnetic 
effect was negligable. 

Now shake the tube so that the iron particles 
change their orientations. You find that the test 
lube does not behave as a magnet now; any end 
of the tube weakly attracts eitlier poles of the 
compass. 

Notes: 1. It can be understood easily by this 
demostration that the common bar-magnet is 
essentially a collection of tiny magnets all 
aligned in a particular direcupn. By mechan¬ 
ical rough handling or by heating, the align¬ 
ment of these tiny magnets tends to get 
disturbed and the magnet becomes weak. 
Finally at a certain temperature, it ceases to 
show its magnetization characteristics. 

2. The atomic/moltcular magnets inside a 
magnet are aligned along the lines of force pas¬ 
sing through the magnet. 

3. When we refer to, say, north pole of a bar 
magnet, we do not talk of a precise point. It is 
only a loose reference to enure surface at one 
end where north poles of molecular mapets are 
distributed (Fig. 3,8b). The magnetic axis of a 
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bar magnet is, however, a precise line It is a 
line about which the lines of force are sym¬ 
metrical (in 3-dimensions) 

TOPIC II; MAGNETIC PIELD DUE TO A CURREN'l' 
CARRYING CONDUCTOR 

3.7 (Demonsti'ation): To show that a conduc¬ 
tor carrying an elecfric current produces a 
magnetic field in the surrounding space. 

Connect one end of 16 ,SWG copper wire to one 
terminal of a storage battery and the other to 
a tapping key K through a rheostat R. Place a 
compass needle on the table and adjust the wire 
parallel to and a few centimetres above the 
needle. Complete the circuit by a piece of 16 
SWG copper wire (Fig. 3.9a) Momentarily, 



Fig. 3.9 A slraighl conductor carrying current deflects a 
magnetic needle showing that it has a magnetic field. 

press the key. As soon as die current flows 
through die wire, the needle swings. Note the 
direction in which current carrying wire deflects 
the north pole of the compass needle This 
direction, which is perpendicular to the direc¬ 
tion of the earth’s magnetic field (magnetic 
meridian), is the direcuon of lh£.magnetic field 
produced by the electric current at the north pole 
of the needle. 


Fig. 3.8(b) 
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Repeal the ej^perimeni keeping the wire wire AB (SWQ .1^ PC .16) bent Into a square 
belgw the needle and note that,north pole of ofsideone'tnetre^supportefflpatVWtiea) plane 
magnetic needle is deflected in the opposite through' two ■hpl.esjq. tb« tabic.(Fig. 3,11a). 

direction (Fig. 3.9b). Clearly the magnetic field • ■ - 



the elecirieot eircHil- 


KIg. 3.9(b) 

of the current carrying wire is such that lines 
of force encircle the wire. Check from these two 
observations that the magnetic field is in accor¬ 
dance with the right hand rule illustrated in 
Figure 3.10. 


Adc supply {6A, 6V to rheostat (6A, 
10 ohm), ammeter (O-WA) and a plug key, a 
plotting compass, an acem^ compass of 50 
mm diameter. 

Procedure ; Connect the aliire in series with 
dc Power supply, p!«ir)«!Sfr alMMtat #fld amm¬ 
eter (Fig. 3,11b), 





Flk, 3,10 The rtghi hand rule, 

1 3.8 (Experiment): To sketch the lines of force 
of a straight long vertical conductor carry¬ 
ing current and earth together. 

Apparatus: The ^paraius consists of a copper 
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All Wire^'ftirrylng-cfilrefit should be kept 
&tleasl'l^bf'rt)6lif6'aWffyifit»ii1 thersqu^e loop, 
'One squKre'ldbl) fidi t^s>o^«'iftlcatah)fi&and can,' 
thus, serve for two students working on this 
experiment. 

Take a;graph paper (about 20 cm x 25 cm). 
Make a-hole in the centre, and a cut from the 
hole to one of the sides of the paper as shown 
in Figure >3.12. Making use of this cut, insert it 



Cut mads 
by blade 


' Fig. 3.12 


■ such that the vertical side of the wire passes 
through' the Hole and fix it on the board as 
sho,wn in Fig. 3.11a. Adjust its orientation in 
such a way that a set of parallel lines on the 
graph paper corresponds to the horizontal com¬ 
ponent of the earth’s magnetic field. In the 
absence of current through the square loop of 
" the conductor, the compass needle will plot the 
earth’s magnetic field. Now pass a steady cur¬ 
rent of say 5A through the conductor, Now you 
will see that the orientation of the compass 
needle depends upon the place where it is kept. 
This means that when electric current is passed 
through the conductor, it produces a magnetic 
field. Plot the resultant of the magnetic field 
produced by current carrying conductor and the 
earttijs magn^c field. You will see that close 
to the vertical straight edge of the conductor, 


the lines of force are concentic circles with no 
beginning and no' end: In the'diap 6f tile! lines 
of'force'you will see theexisteYice Of 'a neutral 
point A. (There is only o'ne'm this chse, in con¬ 
trast to two in case of the field of a magnet). 
Plot more lines in this region and locate the neu¬ 
tral point as accurately as possible The current 
should remain steady during the experiment. 

Measure the distance, d, of neutral point from 
the centre of the hole (Fig. 3.13) Calculate the 



Fig. 3.13 Pattern of lines of force due to vertical straight 
conductor carrying current and earth together 

magnitude the magnetic field of the earth, 
uJ 

H, using the relation H = where / is the 
2%d 

current passing through the wire and 
IS the permeability of air » 47t x lO’' Tm/A 
Through the centre of the hole, draw a line 
NS, in the direction of horizontal component 
of earth's magnetic field, (Fig, 3 13) It cuts a 
typical bne of force at point P at a distance x 
from the centre of the hole. Draw a tangent to 
this line of force at P Let it make an angle 0 
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with ihe line NS Then magnetic field due to 
the current at point P is: 

B = H tan Q 

At each point where line NS cuts a line of force, 
measure jc and 0 and calculate B in terms of H. 
Plot a graph between B and l/x. If you get a 
straight line passing through the ongin, it shows 
that B IS inversely pioportional to distance x 



3.9 (Activity): To show that a solenoid car¬ 
rying an electric current produces a magne¬ 
tic field similar to that produced by a bar 
magnet. 

'Take a solenoid of thick enamelled copper wire 
(16 SWG) mounted on a horizontal board (Fig. 
3.14a). tts loops are large enough to manipu- 


Tsrrolnals 
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solenoid on it and then fix it on the board. Place 
a laige accurate compass (diametre 50 mm) on 
the line representing axis of the solenoid and 
adjust onentation of the board so that this line 
is in the north-south direction, i.e. parallel to 
the compass. 

Connect the solenoid in senes with a rhe¬ 
ostat R, key K, lead acid battery B and amm¬ 
eter A (Fig. 3.14c). Switch on the current and 


R 

--wwwvv^v 


-(a) -l|lf- 


-(•> 

K 


Fig. 3.t4(a) 

late a small compass inside,iP. Recommended 
dimensions are diameter 6 cm, length 15 cm 
fitted in the wooden board 28 cm x 38 cm. 
Take a drawing paper of the same size as the 
board, cut two slits in it as shown in (Fig. 3,14b) 
to accommodate the solenoid, draw the axis of 


^ Full deulli ai to how to constmct such a solenoid are 
explained in appendix 7. 


(c) I 
Fig. 3.14(c) 

adjust rheostat so thata cunrent of 0.1 A to 0.3 A 
passes through the solenoid. Place the plotting 
compass inside the solenoid and check that 
when current is switched on, the 'compass 
needle reverses its direction, indicating that 
magnetic field of the solenoid is stronger than 
and opposite, to that of the earth. For this pur- 
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pose you may have (a adjust the diiection and 
magnitude of current. Place the plotting com¬ 
pass at tire extreme ends N and S of the axis 
of the solenoid (Fig. 3.14a) and check up that 
at these points the north pole ot compass needle 
is towards north, indicating that earth’s magne¬ 
tic field is stronger than that of the .solenoid. 
This ensures that two neutral points exists on 
the drawing papei and not beyond it. 

Now plot the lines of force of the combined 
magnetic field, due to tlie solenoid and the earth, 
as explained in experiment 3.'/ See that tlie 
ammeter reading does not change duiing the 
experiment. If you get a pattern similar to that 
shown in (Fig. 3.5), it shows that the .solenoid 
carrying current behaves as a bar magnet, with 
its north pole pointing toward.': south. 

The experiment can be repeated with direc¬ 
tion of current reversed so that inside the sol¬ 
enoid, its magnetic field is in the same direction 
on that of the earth. In this case you get neutral 
points along the east and west of the .solenoid. 
Thus the solenoid behaves as a bar magnet with 
its north pole pointing towards north. 

Note: A noteworthy difference in the field pat¬ 
terns of the solenoid and bar magnet is the fol¬ 
lowing. In case of solenoid, you can place the 
compass inside the solenoid. Thus you find that 
lines of force are closed loops. In case of bar 
magnet the lines of force start from the north 
pole of the bar magnet and end at the south pole. 
In fact, the lines of force are closed loops in 
case of a bat magnet too; they continue inside 
the bar magnet though we cannot plot them 
inside the magnet with the help of a compass. 
The tiny molecular magnets of which the macro¬ 
scopic bar magnet is composed, are aligned 
along the lines of force inside die magnet. How¬ 
ever, in case of an electrostatic field, lines of 
force start from positive charges and end on 
negative charge,?. Thi^ difference is due to the 
fact that isolated positive and negative charges 
exist, whereas, isolated north and south poles 


do not exist. 

3.10 (Demonstration): To demonstrate the 
construction and working of the deflection 
mapetometer. 

It consists of a short bar magnet M (Fig 3.15) 
called needle, pivoted so tliat it can move freely 


90 
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Fig. 3.15 The deflection magnetometer 

in a horizontal plane. A long, light-weight 
pointer P made of aluminium is attached per¬ 
pendicular to the magnet needle M. It moves 
over a circular scale C marked in degrees. The 
instrument is fitted with an annular circular 
mirror A, When deflections of the needle are 
being observed by the pointer, the eye can be 
adjusted to be in line with the pointer and its 
image in the mirror. 

When there is no magnetic field other than 
that of earth, the magnetic needle comes to rest 
in the magnetic meridian under the action of 
the horizontal component, H, of earth’s magne- 
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tic,,field., ^ deiflecting fielff, of intently 

B acts oi\ the if^Je in addition to the earth’s 
field at right aiigfes to it, the position taken by 
the needle i? along the resultant of the two 
magnetic fields^ and H (Fig, 3.16), The needle 



Fig. 3.16 Maghelic needle of the deflection magnetometer 
points in the dirreclion of the resultant magnetic field Thus 
It rotates through angle g, 

thus deflects through an angle 0 fiom its position 
of rest in the magnetic meridian such that. 

..e = | 


Sometimes, the deflection magnetometer is 
fitted in a frame which consists of two arms, 
each 50 cm long. They are fitted with scales 
marked in millimeters, which indicate the dis¬ 
tance from the centre of the instrument. Thus, 
the scale on both the arms have a common zero, 
at the centre of the instrument (Fig. 3.17). The 


50 
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Fig, 3,17 The deflection magnetometer along with its one 
meter long frame. 


scales are so fitted that a bar magnet placed 
on anyof them, is in the same horizontal plane 


as the 

instrumentoj lol.'wiMt*'! /i r 
'■ '-y i( M‘iii K'lff'fii OJ'iftJj'j'i'-! I ■ 

3,ll(Experim^ilt) Tqi^titdjr.lfqw tftfiTPjagitd:, 
tic field due to a long sti)^igbt,(;oin4i^or 
ryingcurrent yariesiyyith „ 

(a) the current in tlj^ wirej.antf ,r. , i ^ . 

(b) the distance .from the wire*, , 


Apparatus. Deflection magnetometer fitted in 
the centre of 1-metre frame, .about 2 1/2 metre 
of thick copper wire (SWG 16), glass tube of 
1 metre length, rheostat (5 A'ciifrerit-capacity) 
ammeter (0-5A), d.c. supply (6V, 6A), fever-'’ 
si^ key, spirit level, half-metre' scale, two 
wooden clamps 

Procedure . Adjust the circular kale of the 
deflection magnetometer so that theTine jdiri- 
ing the 90‘-90' marks coincides with the 
common axis of the two arms, Adjust the whole ■ 
instrument so that the alilminium pointers 
(which maintain east-west dilrectioii) are at 
zero-marks. Then the two arfh's ‘ are'in’ the 


magnetic north-south direcuoh. 'With the hel'p ' 
of spirit level, adjust the plane Of th^^tWo Half ■’ ’ 
metre scales horizontal. ' > 

Pass the copper Wire, HK, fhfoii'gfi'ffie 
tube (Fig..3.18). Copper wire, LJL, hear the two ’ 





MAdNimM 

. ^ F I' ' ^ 

endfi ust M U$IKte,.i^^|Lh^;teAgth l»tc U the 
sti^ht cctndit?^ magnetic field b 

pdpendicultf to Sliwi lieid M the r.ingnetic 
uee^. GottMwt itfUMrlewia to reversing key, 
making a latge dolhplete the circuit 
as shown in Pigi Ji.iS; With the help of spirit 
level and dMp'f^lt^i 'atyuat the glass tube 
parallel to and alRntt.| ew above the two aims 
6 f the magn^tonud^ 

, 1- 

(a) fo Study of B on h 

Adjust the i^eeh 2A and 3A, 

Adjust the dhttarice df mis tubCiif, ^ the plane 
of tlto Uhlii a deflection of 

about 4d‘ is dbtjdhdd. loping this distance 
constant, vary the oMt^tO obtain deflections 
of the (n«gtttmiMiari«tfldg between 15 “ and 
6S\ ftead bb^.«IAaa of.ma pointer (e,, e,) and 
again with the ravefsed (0j. e^). Thus 
^d the fnd»^«f!(6Ctiijii; c for each value of 
current Ibbuliie the vildes of tan ^ against cor- 
resporiding bf- ciffl^t Plot a graph 
bet^n tan ^ftaken along V-aais) and current 
/ (taken along X*a)iii). tf die graph is a straight 
line passing Uiroiegli me origin, it infers that the 
magnetk dekl gtte kMhe current is direcdy pro¬ 
portional to the e'thtimt In the wire. 

' ■ '1 I- ' ' -V , ■ ' . - 

W Study ettSjil^mma of b OH d : 

Next Set the eunwit tp sL Adjust the dis¬ 

tance of the Wkeilr^ thO plane, of magnetic 
needle,und] a deitoj^ df id^t 45* is obtained 
and Pleasure this distiande^ d Head both ends 
of the pointer (d^; and again with curent 
reveraed( 63 , 0 ^) ^d the mean deflection, 
A. Keeping the curttni donstantt except for 
reversing it when radulred, and using the spirit 
level to ensure that the wire is always horizon¬ 
tal, vary the diatanpe d to obtain deflection in 
the magnetometer varying,between 25* and 65*. 
Tabulate the vaities of d against corresponding 
values Of tan 0, Bettause distance of axis of 


wire from magnetic needle is d+a, where a is 
the radius of the glass tube, tabulates values of 
lj(d+fl>as well. Plot a graph between tan 0 and 
l/(d+fl). If the graph is a straight line through 
the origin, it infers that the magnetic field due 
to the current is inversely proportional to US dis¬ 
tance from the magnetic needle. 

3.12 demonstration); To demonstration that 
a coil carrying current acts as a magnet and 
keeps ite axis in north-south direction in the 
earth’s magnetic field. 

Take the circular coil of radius 4 cm and Of 600 
tums^. Connect it to two 3 volt batienes in 
series, each consisting of 2 dry cells. Include 
a bed-switch in the circuit to switch on and off 
the current in the circuit. Put the whole etiuip- 
ment in a small plastic trough (inside diameter 
30 cm). Put the two batteries, one on each side 
of the coil, and adjust their positions Such that 
the trough floats horizontally on the surface of 
the water filled in a larger trough. 

Now switch on the current and observe that 
the axis of the coil oscillates in a horizontal 
plane about the north-south direction, just as a 
suspended magnet does. After a few oscillations 
it comes to rest in the north-south direction. You 
will thus see that the circular coil Carrying cur¬ 
rent behaves as a compass needle. 

Note: An alternate way Of showing this demon¬ 
stration is to take a coil of about 500 turiis and 
outer diameter 41 mm made over a dry cell of 
length 60 mm and outer diameter 33 mm®. 
When' ends of the coil are joined to 
the cell terminals and a current passes in the 
coil, it behaves as a magnet. Place the coil on 


^Details of construcuon of thit coil are given in 
appendix 6. 

^Details of constriction of this coil are given in ippendia 8. 
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a Wire frame hanging by an unspun silk/nylon 
thread (i.e vibration magnetometer as shown 
in Fig 3.33). When no current is passing 
through the coil, it sets in any direction How¬ 
ever, on passing the current, it sets with its axis 
in the north-south duection. Indeed with such 
a contrivance, we can plot the lines of force due 
to magnetic field produced by a bar magnet, 
current carrying conductor, etc, provided the 
spatial span of that magnetic field is much 
bigger than size of the coil, just as the spatial 
span of the magnetic field you plotted on the 
drawing board was much bigger than size of 
the plotting compass in experiment 3.2. 

3.13 (Demonstration): To demonstrate that 
the motion of a moving charge is influenced 
by a magnetic field. 

Take a cathode-ray tube in which the a^e has 
a small horizontal slit A nanow beam of elec¬ 
trons passes through the anode and makes a 
trace EF at grazing incidence on the vertical 
fluorescent screen ABCD (Fig. 3.19a). 



Bring a strong bar magnet near the cathode- 
ray tube, keeping it peipendicular to the screen 
(i.e. its magnetic axis horizontal) with its north 
pole pointing towards the screen (Fig. 3.19b). 
ITie cleciron beam is seen to bend downwards, 
if electrons are moving horizontally towards the 
right. Next, keep the south pole of the magnet 
pointing towards the screen, In this case the 
electron beam vs seen to bend upwards. 



Wg. 3.19(b) 


This experiment shows that electron beam 
moving to right behaves as conventional cur¬ 
rent flowing towards left, which experiences a 
force in the magnetic field of the magnet, 
according to Fleming’s left hand rule (Fig. 



Fig. 3.19 
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fiote: If this special equipment is not avail¬ 
able, you can demonstrate the same effect with 
a simple cathode-ray-oscilloscope. In this case 
the anode has a small hole P. A narrow beam 
of electrons passing through it strikes the fluo¬ 
rescent screen S. Bnng the magnet NS near it 
and observe the deflection of the bright spot 
R (Fig. 3.21). 



Fig. 3.21 

3.14 (Demonstration); To demonstrate that 
the strength of the magnetic field due to a 
coil is affected by the material of the core 
roitnd which it is wound. 


Take the solenoid of experiment 3.9 shown in 
Fig. 3.14a. Place a deflection magnetometer 
(only circular box with magnetic needle) on a 
wooden block so that its magnetic needle is in 
the same horizontal plane as the axis of the sol¬ 
enoid. Place the solenoid to the east or west of 
the magnetic needle so that centre of the mag¬ 
netometer lies on the axis of the solenoid (Fig. 
3.22). 

Connect the solenoid in senes with a rhe¬ 
ostat R, key K, battery B and ammeter A (Fig. 
3.10c). Switch on the current and adjust rhe¬ 
ostat so that Its magnetic field deflects the 
magnetic needle of magnetometer through 
about 25°. Now, insert straight pieces of thick 
soft iron wire (SWG 10, cpmmonly used in 
houses for drying clothes),each about 20cm 
long,into the solenoid. As you add these pieces 
the deflecbon of ihe magneiomer needle increa¬ 
ses. Fill the solenoid with iron wire pieces and 
note that the field produced by the solenoid 
increases many umes over (Remember, field is 
proportional to lan 0 and NOT proportional 
toO) 

Notes . 1. As you insert iron wires in the sol¬ 
enoid, the iron wires get magnetised due to 
magnetic field of the solenoid. Now the magne¬ 
tic field of the solenoid as also of the magne¬ 
tised iron wires deflects the compass needle. 


Solenoid 



Fig. 3.22 
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':v'-i K V' ill '■ 1 die magnetic field and 
;'i. '"ii:.; I'li', al mg the axis of (he sol¬ 
enoid tiuValw in ihe entire space around Ihe sol¬ 
enoid 

2. Instead of iron wires introduce glass rods 
or wooden rods in the solenoid and observe 
what happens. 

3.15 (Activity) ; To study the interaction 
between two bar magnets < 

Hang a stirrup of copper wire in a stand by 
unspun silic/nylon thread Let the thread by 
which it hangs unwind its twists, if any. Then 
suspend two bar-magnets in turn on the stirrup. 
Thus find for each magnet, which end is the 
north pole and which end is the soutli pole and 
mark them on the magnets 

Now, keeping one magnet in the sturup and 
other in your hand, bring cither south poles of 
llic two magncLs close to each other or the north 
poles (Fig 3 23a), Observe that magnet in the 
hand repels the suspended magnet. This is a 
mutual intcracuon. It is thus seen that similar 
poles of the two magnets [N-N or S-S) repel 
each other. 

Next, bring soulh pole of magnet in your 
hand near north pole of suspended magnet and 
observe an attraction. Bring north pole of 
magnet m your hand near soulh pole of sus¬ 
pended magnet and again observe an attraction 
(Fig 3.23b). It is seen that unlike poles (N-S 
or S-N) attract each other. 

Next, take an unmagnelised iron rod tn 
hand. Bring any end of the rod near any end 
of the suspended magnet and observe that there 
IS attraction In all the four cases (Fig 3 23c). 
Since a pole of the suspended magnet attracts 
opposite pole of the other magnet as well the 
unmagnelised rod, inference is that repulsion is 
the sure tes,t of.magnetism, if any, in^e iron 
rod held in your hand. 

r , 1 ' 



Fig. 3.23 Repulsion is ihe sure lest of nusnetism 
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fliiffctee: Take two identical flate ferrite 
^ magnets AB and Ct) and a glass tube (or cyl¬ 
inder or wide mouth bottle with flat base) in 
ivliich the two can be inserted loose fit. First 
insert the magnet AB and let it rest at the 
Iwltom. Then insert CD and record what you 
obsewe. In some situations, the magnet CD 
seems to float at a certain distance from the 
magnet AB (Fig. 3.24) Explain your observa¬ 
tion. Record which faces of the two magnets 
face each other when the magnet CD floats. 



3,1(5 (Activity); To study the effect produced 
on magnetic field pattern, by bringing var¬ 
ious materials ih the surrounding space of 
a bar magnet 

Take a strong bar magnet. Place it on a draw¬ 
ing paper fixed on a drawing board so that axis 
of the magnet is along the north-south direc¬ 
tion and its north pole points towards north. 
With the help of a plotting compass, map its Imes 
of force (in the presence of earth’s magnetic 
field), as you did in experiment 3.2. You get 


a pattern similar to that shown in 
Now replace the drawing pajieir', 
magnet in same position and pla^ 
iron, SI at some distance fiom the magnet, ^>'1^ ’ 
Ihenorth of the magnet,as shown in 

' <• ... -fU* 



Fig. 3.25 The soft iron bar AB dfaitiMtiy tiun 

lie field pattern. ' , , , 

Again, map the magnetic field of the iHl^et. 
What the pattern is like nOw? You Ob^vethat 
it is quite different from the patuiiffi bf thilgnet ’. 
alone. Many lines of force tend lOpaiis thrOb^ih 
or close to the soft iron bar, as aitjwrtihiWgliHiif' 
3.25. The neutral points also move ewsy fttim the 
magnet. . > , 

Test the polarity at the ends of the iron bgr 
with the help of a compass, You find that it has 
become a magnet. The end where m a wy ili M Oet 
of force starting from north pole of the magnet 
enter the iron bar, behaves as the south pole at ^ 
the other end behaves as the north 
the iron bar becomes an induced magnet, 
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Repeat the experiment with a bar of copper 
or aluminium or any plastic matenal. You find 
that the pattern of lines of force is not altered 
by the presence of this bar. Also that this bar 
does not become an induced magnet. With a bar 
of nickel or cobalt, however, the pattern of lines 
of force is altered, though not so much as by 
the soft iron bar. 

Materials by which the pattern of lines of 
force is altered are called ferromagnetic mater¬ 
ials. 

3.17 (Activity) : To study the interaction 
between two current carrying conductors. 

Take a stnp of thin aluminium foil (used for 
baking articles in the oven) about 1 m long and 
2 cm broad. Take a wooden box with glass 
front, about 60 cm high, 5 cm broad and 5 cm 
deep. At the top of the box, there is a slit 1 cm 
broad and 3 cm long (Fig. 3.26a) The two ends 



of the foil stup are pressed rigidly under la. 
mmals A &-B at the top of the box. It maybe 
necessary to fold the ends two or three times 
to secure rigid contact at the terminals A ami 
B. The entire length of the strip hangs insiifc 
the box through the slit as shown m Fig. 326a 
At the centre fold of the stnp F, is supported 
a clean sewing needle whose weight keeps tlij 
two halves of the strip taut and straight, Ths 
needle also makes an electrical contact with Uk 
foil. Through the eye of the needle, a tliin bare 
copper wire L (0.076 mm diameter, taken from 
a twin flexible electneal cable) is passed and 
tied, The other end of the coper Wire is com 
nected to the terminal C, at the side of the box, 
Level the whole instrument with the help of 
levelling screw.s and a spirit level. If one of tbe 
two halves of the strip sags, tap the msirumenl 
lightly, so that the needle adjusts its position 
and the sag is removed. It is essential to take 
care that centre fold F is not made sharp by 
pressing at it. Let it be only as sharp as the 
weight of the needle make.? it. 

Connect this insirumenl to an accumulatof 
through a rheostat and a double pole doubl 
throw switch, as shown in Fig. 3.26b. When 
the double pole double throw switch joins A to 
B and C to D, the two halves of the foil FA 
and FB are in parallel with each other. Starting 
witli maximum resistance in rheostat, slowly 
decreased the resistance till the cuixent shown 
by the ammeter is the maximum permissible for 
the thin wire L, leadmg to terminal C,® In this 
case, cunenl flows in the same direction in the 
two halves of the strip. You will see that the 
two halves of the Strip attract, Thus along more 
than half the vertical length, the two halves of 
the .Skip Stick together. If the current is switched 
off, the strip again regams its original V shape. 

® Fmd out by an arajliary oxpenmenl, the current by which 
the iliin copper wire fuses. Half of ihat current may be taken 
as the maximum permissible current to be pasaed In u. 
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Fig. 3M (b) 


Next, connect terminals B and D, by the 
double pole double throw switch. The terminal 
C is now unconnected. In this case the current 
flows through the two halves m opposite direc¬ 
tion as they are now connected in series. You 
wilffind that in this case the two halves of the 
strip repel each other to acquire U-shape. 

3,18 (Demonstration) ; To demonstrate the 
interaction between parallel currents with 
the help of a jumping spiral. 

Wind a helical spring of an enamelled copper 
wire of SWG 26 or 28. Use a rod of circulai’ 
crossection and diameter about 3 cm to wind 
the spring on. Make the spring fairly long (about 
100 loops), so that when vertically suspended 
it elongates substantially under its own weight 
(Fig. 3.27). In the suspended po.sition, distance 
between adjacent loops of (lie spring should be 
small, about I mm to 2 mm. 



fig. 3.27 The jumping spiral. 

Let the lower end A of the spring dip in a 
drop of meicury kept in a small pit in a wooden 
block W. Connect the spring in series with a ■ 
key K, lead acid battery B and i heosta t R (0-10 
ohm, 6A) as shown in the figure. 

On passing a suitable cuirent, the spring starts 
jiunping making and breaking contact with the 
drop of mercury. This happens because the cur¬ 
rent in any two adjacent loops of the spring is 
parallel and in the same direction. Thus adjac- 
enel loops attract each other, thus compressing 
the spring. As the spring compresses, it breaks 
contact with mercury, The cunent ceases to 
flow and the spring regains its original shape. 
Then it again makes contact with mercury. The 
process repeats, giving the appearance of a 
jumping spiral. 

3.19 (Activity): Construct a simple current 
balance and demonstrate its working. 

A simple current balance is schematically 
shown in Figure 3,28. A wire frame ABCDEF, 
of stout baie copper wire (16 SWG) is shaped 
■is shown in the figure. Its free ends A &. F are 
connected to two tapered brass screws passing 
tbiough a wooden spacing rod R, to piybt in 
countei-sunk vertical cylinderical brass supports. 
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Fig. 3 .28 A simple current balance. 


Jhcw $upports arc firmly uitached lo a flat 
WQodQd basC'board with the help of screws 
inserted from below the base board. A typical 
suitilble dimdiwion for the wire frame is L = 20 
cm, L » 20 cm & height = 10 cm 
Awhed 10 the rod R, IS a long thin grad¬ 
uated wooden balancing arm G. The free play 
of its Uidpcrcd end (a small length at the end 
of the rod is tapered like a screw driver by rub¬ 
bing on a fme grain sand paper) is restricted by 
two stay-pins P in a vertical support. This arm 
is pmvid^ with a counter-poise weight Wj 
Whoso position can be adjusted to make it hor¬ 
izontal when no current is passing in the wire. 


TWs ann is graduated with bright marks, say 
Wllil# jroartts at 2.5 cm spacing and yellow 
betWW adjacent white marks at 0.5 cm 
SPlilng. marking is desired, a thin strips 
paper may be pasted on it. A ndef 
along this balancing arm, so 
(tutting moment of the weight of the 


rider enables you to measure the downward 
magnetic force on the horizontal portion CD (of 
length L) of copper wire. 

The whole movable system is stable (i.e. its 
C.G. is below its axis of rotation) because the 
portion CD of the wire on which magnetic force 
acts, is quite low, Still to increase its stability 
and to control the stability at will, a pendulum 
like weight is attached in a thin vertical 
rod fixed below in the rod R, at its mid-point. 
~ On the base-board, immediately below the 
poruon CD of the pivoted wire frame, an equal 
length of bare copper wire (16 SWG) is 
stretched between two terminals T, and 
The right-hand end of this wire continues as 
shown in the figure and is connected to a ter¬ 
minal near the left end of the spacing rod R. 
The left hand end of this wire and terminal near 
the right hand end of the spacing rod R are con¬ 
nected to an accumulator through a rheostat, 
ammeter and plug key. The whole assembly is 
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so ananged that the inter-axial gap between the 
two horizontal sections CD and Tj (which 
experience force of attraction whbn current fs 
passed) is uniform i.e. they are parallel to each 
other. This is checked up by Irioking at them 
horizontally against a vertical screen S, made 
of mm-graph paper, which is fixed on the 
base-board behind the wires, 

The whole assembly is covered by a lid (not 
shown in the Figure) made of five accrylic 
sheets (four vertical sides and the top). The top 
side has a slu through which the rider can be 
removed and placed at any desired position on 
the balancing arm G. 

First carefully counterpoise the balance with 
the rider close to the central spacing rod and 
by adjusting the counterpoise weight W,, so 
that tapered end of the balancing arm just rests 
on the lower stay pin P. Now pass the current 
by inserting the plug key. Like currents pass 
along the wires Tj, Tj and CD, with conse¬ 
quent attraction between them. Re-establish 
counterpoise (balancing arm pointer again just 
rests at the lower stay pin) by suitably position¬ 
ing the rider. Read off the initial and final posi¬ 
tions of the rider and thus calculate the distance, 
-jc, through which it is moved ‘out’ on passing 
the current Then the force of attraction between 
the wires is 


mgx 



where m ~ mass of the rider 

g = acceleration due to gravity 
L = length of portion CD of wire frame 

Measure the force of attraction for various 
values of current through the two wires. Thus 
check up if F is proportional to /, or /^, or 7? 
For this purpose plot log F against lo^ 1. The 
slope Alog F/ Alog / gives the value of index 


. 55 • 

of I. Alternatively, plot three graphs • F vs7,'“ 
F vs P and F vs P. 

Estimate the spacing between the twg^ lyircs,, 
d, by looking at them against the mm-graph 
paper. Thus check whether the force of attrac¬ 
tion is equal to that obtained by the formula- 

F = 1^0 
2nd 

where p„=permeabihty of air=4ii x IQ'^ Tm/A 

I = current passing through the two wires 
and 

I = length of the wires. 

Noles : 1 Because field due to one wire at the 
other decreases near the ends, the force of 
attraction is slightly less than that obtained by 
the above formula. 

2. It IS difficult to make the two wires exactly 
straight and parallel Hence note their spacing, 
d, atleast 5 or 6 points along their length and 
find the average spacing. Inter-axial spacing is 
equal to spacing between top-boundaries of the 
two wires, if they are of equal diameter, This 
fact enables you to measure inter-axial spacing 
more easily. 

3. Since this current balance is quite sensi - 
hve, care has to be taken that no mechanical 
disturbance (like draughts of wind! is present 
during the experiment, 

3.20 (Experiment): To compare the strength 
of two magnets (magnetic moments) by 
deflection magnetometer, 

Apparatus . Deflection magnetometer, two 
short strong bar magnets of equal dimensions, 
spirit level 

Procedure ■ Adjust the circular scale of mag¬ 
netometer so that the line joining the zero-zero 
marks coincides with the common axis of the 
two arms Then adjust the whole instrument so 
that the two ends of the aluminium pointer 
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Fig. 3 J9 Measuring deflecim of the defltcUron magne¬ 
tometer produced by a magnet 

(which makes the east-west direction) reads 
zero-zero on the circular scale. 

hi this case two arms are in the east-west 
direction (Fig. 3.29). Place one of the magnets, 
P, at a distance d from the centre, such that its 
geometric axis (which is presumed to be also 
the magnetic axis) is along the central line of 
the scales Note the scale readings at its ends. 
The mean of these two reading gives the dis¬ 
tance, d of centre of the magnet from the centre 
of the magnetic needle. 

The magnet produces a magnetic field, B, 
perpendicular to earth’s magnetic field, H, at 
the centre of the magnetic needle. This field 
deflects the magnetic needle through angle 8 
such that 

B = // tan 0 

Note the reading 0,, 6^, of the two ends of the 
pointer. Reverse the polarity of the magnet, 
keeping it at the same position on the same arm, 
so that the magnetic needle is deflected in the 
opposite direction. Note the readings Gj, 0^ of 
the two ends of the pointer in the opposite direc¬ 
tion. Put the magnet on the other arm at the 
same distance, d, and take four similar readings 
05 ,0j, 9,, & 0g. Find the deflection,0 as mean 
of the eight readings. This deflection may be 
taken as the deflection caused by the magnetic 
field of the magnet at a distance, d. You will 
appreciate from the following, the reason why 
you should take the mean of eight readings to 


give you correct deflection 
You should read two ends of the pointer 
because it is likely that the pivot on which the 
magnetometer needle is supported may not be 
at the centre of the circular scale (Fig. 3.30), 



In such a case, one end of the pointer will give ^ 
larger deflection whereas the other end will read ' 
smaller deflection. C is the centre circular, scale 
and P is the pivot. If the pivot were correctly 
at C, then the pointer would have been along 
the dotted line A'B'. However, because P is not 
at C, the pointer is along AB. Thus it reads 
deflection 0^ (-arcOA) at one end and9j:) 
arc OB) at die other end. The correct deflec¬ 
tion 0 is the mean of 0j and 0j. Thus it is nec¬ 
essary to read the two ends of the pointer to 
remove the possible error that may be caused 
by the possible error in the position of P. 

You have placed the magnet at a distance d 
from the centre of the circular scale. You mea¬ 
sure this distance between the geometric centre 
of the magnet and the centre of the circular 
scale. In fact you should measure the distance 
between the centre of circular scale and the 
magnetic centre of the magnet, which may not 
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be necessarily at the geometric centre of the 

3.31a, Gis4»! 

this ^ ^ ^ magnetic centre. In 

this case the real distance CM is less than the 

greater than what would be obtained if CM was 

^uatoiNowifyoureversetemagnetS 

en , you will make CM greater than GC. In 
Observations: 


this case you will observe a deflection smaller 
than what would te obtained if CM was equal 
tori'(Fig. 3 31b). 

You take similar lour readings by placing tlie 
magnet on the other arm. This is necessary to 
I avoid the error that may creep in because of the 
likely displacement of the centre of the linear 
scale on the arms of the magnetometer and the 
centre of the circular scale as shown in the 
Figure 3.31c (C is the centre of the ciicular 
scale and L is the zeio of the linear scale on 
tile aims of the iiifignelomcicr. Noimally, L and 
C should be coincident. When you place the 
magne.t on mm 1 of the magnetometer at a dis¬ 
tance d, the lull distance is {d + x), where x 
= LC. When you place the magnet on the other 
arm, the leal distance is d -x. Thus in the iirst 
case the deflection is less tlian what you should 
have got, wticutas in the second case, the deflec¬ 
tion is more, than what you should have got. 

In this marinei tleteiminc ihe deflections 0^ 
for various values of d, say, 15 cm, 20 cm, 25 
cm and 30 cm for liist magnet P. The distan¬ 
ces shouid be .such ihiu 0^, lies in the lange 25' 
to 65'. Then tiiid the deflections 0^ for same 
values of (I for die second magnet Q. Values 
of (f being same fut the two magnets and both 
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being of same size. The magnetic fields 'pro¬ 
duced by them, and are proportional to 
their magnetic moments and i.e. 

M B tan 6„ 

_P _ P - F 

M B tan 

q q q 

Determine the ratio with the help of 
observations for 6 and 0 at each distance and 

P 

calculate the average value of this ratio. 

Note • 1. It IS important in this experiment that 
deflection magnetometer is kept at the same 
place while working with the first magnet and 
while working with the second magnet. If its 
location changes within the laboratory, it may 
cause error in the result. The reason is that due 
to so much uon used in the construction of the 
school building and due to an iron cupboard 
nearby, resultant of the magnetic fields due to 
earth and these iron objects may be different 
at different points in the laboratory. 

2. Since die ratio of magnetic moments is 
obtained in terms of tan 0, we must see that 
fractional eiTor in tan 0 (i.e A tanG ) , due to 

tan 0 

error A 9 in measurement of 0 should be small. 
We know 

^ (Atan 0) = sec 0 A9 
tan 0 tan 0 


= 2 cosec 2 0A0. 

Figure 3.32 shows variation of cosec 29 against 
9. You will notice that this error is the smallest 
for 0 = 45’ and is tolerably small if 9 lies 
between 25‘ and 65°. 

3. You can find the ratio of the magnetic 



Fig. 332 Percenlage error >n the result of deflection mag¬ 
netometer due to some error in measuring is minimum at 
6 = 45“ Values of 0 should be kept between 25“ & 65“ 

moment of the two magnets m yet another way, 
which is given in the next experiment. 

3.21 (Experiment) To compare the magne¬ 
tic moments of two magnets by oscillating 
them in the earth’s magnetic field. 

Apparatus: Two strong bar magnets, oscillapon 
magnetometer (an aluminium wire stirup sus¬ 
pended by an unspun silk thread in a closed box 
as shown in Fig. 3.33 a), stop watch, vernier cal- 



Flg. 333 The oscillation magnetometer 
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lipers, physical balance in which no part is made 
of a feromagneuc material) 

Theory: If a bar magnet is free to rotate in 
a horizontal plane, it comes to rest along the 
magnetic north-south direction. In Fig, 3.33b, 
th axis of rotation is perpendicular to the plane 
of the paper. Suppose you displace this magnet 
by rotating it through an angle 0 to occupy the 
position N' S' (Fig, 3.33b). Tiien the magnet 


(b) 

Fig. 3J3 (b) 

will experience a couple MH sin 0 tending to 
take it back to its original posiuon NS. In so 
doing, it overshoots the maSrk. Again the couple 
acts to take it back to its original position. Thus 
the magnet oscillates. Its angular acceleration 
at a displacement 0 is given by 

=-MWsin0 

d(" 

If 0 IS small, sin 0 may be taken as 0, i.e 
y = .m h e 

di^ 

This is a simple haromonic motion with a per¬ 
iodic time T. 

T = 2n /L. 
y MH 

where M is the magnetic moment of the 
magnet. 


H is the horizontal component of earth’s magne¬ 
tic field and / is the moment of mertia about 
the verbcal axis of rotation. With a rectangular 
bar magnet of length a and breadth b, the 
moment of inertia about an axis perpendicular 
to flb-plane and passing through the centre is 

I = m [al±Jl^) 

^ 12 ^ 

where m = mass of the magnet 

Procedure ■ First remove the twist in the sus¬ 
pension by allowing the stirrup to come to rest. 
Adjust the head from which stirrup hangs such 
that the stirrup is paiallel to length of the box. 
Then rotate the box so that its length is along 
north-south direction, 

Now place one of the magnets P (its N-pole 
pointing north) on the stirrup, which is also 
along the N-S direction. Bring the north pole 
of the other magnet, Q, close to north pole of 
the suspended magnet for a while and remove 
It. Because of the repulsion between the north 
poles of the two magnets, the magnet P deflects 
and then starts oscillating about the axis cor¬ 
responding to the suspension thread and under 
the influence of earth’s magnetic field. Observe 
through the glass on lop of the box. the image 
of the magnet in the mirror placed at the bottom 
of the box. Thus observe the instant of its each 
transit through the mean position for measur¬ 
ing the time. With the help of a stop watch mea¬ 
sure the time it takes to make 20 oscillations. 
Thus find the time period of oscihations, T 
Repeat these measurements by second magnet 
now, replacing it in the same stirrup and find 
the time period of its oscillations T. 

With the help of vermer calhpers measure 
length and breadth of each magnet (i.e. the sides 
perpendicular to the suspension thread). Also 
find the mass of each by the physical balance. 
Thus find then moments of inertia, and 1^. 
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Then calculate the ratio of their moments of 
inertia using the relation 

- Iz. ^0 ’ 

M, “r, 

If these magnets P and Q are same as those used 
in the previous experiment, compare your 
results in the two experiments. 


Observations: 

(A) Moment of Inertia 


Magnet 

Mass m 

(Kg) 

Lenglh a 
(m) 

Breadth b 
(m) 

Moment ol 
Inenia, / 
(Kg m^) 







(B) Time period of oscillations in earth's magnetic field. 


Magnei 

Tunc taken for 20 oscileuons(s) 

Time 

Ponod T 

(s) 


1 

2 

’1 

4 

' Mean 










Magnetic moment of magnet P ^ P 
Magneuc moment of magnet Q P 


Notes: 1. If the physical balance has any pait 
made of iron or any other ferromagnetic mater¬ 
ial, the mass of magnet measured in it may have 
error, due to its force of attraction with that part. 
Force that the magnet exerts on any pfuamagne- 
tic or diamagnetic substance is, however, 
negligible for this expenment. 

2. It is important in tfiis expenment also to 
keep oscillation magnetometer at tlie same place 


while working with both the magnets so as to 
ensure tlie same value of H. 



3.22 (Demonstration): To demonstrate a tan¬ 
gent galvanometer and show its working: 

Tlie tangent galvanometer consists of a 
deflection magnetometer placed at the centre of 
a coil in which current can be passed By choos¬ 
ing appropriate terminals any number of turns, 
2 or 50 01 500, can be used (Fig. 3.34). The 
greater the number of turns used, the smaller 
IS the current by which it can be operated. 

With tlie help of levelling screws and a spirit 
level, tlie circular scale of deflection magnetom¬ 
eter is adjusted horizontal. Then the coil 
is in a vertical plane and can be rotated about 
a vertical axis passing through its centre, which 
IS also tlie centre of the magnetic needle of the 
magnetometer. For working with it, the coil is 
adjusted by lotating it about the vertical axis 
till its plane is in the magnetic mendian. Then 
magnetic needle is in the plane of the coil and 
pointer is jtcqxaidicular to it. To observe the 
dclleciioj' of the coil, circular scale is rotated 
till the 0’ - 0° line coincides wath the pointer 

Then nii passing the current, the magnetic 
field, B due to current passing through the coil 
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Observations: 


, lagnetomeler Deflection 


S}Jo. Senes resistance Cell B, 6, 6, 6, Mean tan 0 E,/E„ 

12 3 4 L* D 

(Ohm) 0 = tan 0 , 



IS towards east or west, and its magnitude is magnetic field at the magnetic needle. 

g _ UjV / Because current IS proportional to tangent of 

D the deflection, hence it has acquired the name 


Where N = number of turns in the coil tangent galvanometer. This galvanometer can 

D = mean diametei of die coil be used to measure current only if // is known 

- I- D. + O.D. and was so used in the past, However, in the 

2 SI. system of units, current is the fundamental 

/ = current passing through the coil, and quantity and magnetic field is measured in 
= permeability of medium (air) terms of the current. 

« 4 jt X 10-’’Tm/A, 

The magnetic field produces a deflections 0 of ^•23 (Experiment) To compare the e-m-Ps 
the needle. ^ tangent galvano- 

tan fl _ _i_ M meter 

^ ~ H D Apparatus. Two cells (one Leclanche cell and 

Where H = horizontal component of earth’ the other Daniell cell), tangent galvanometer, 



Fig. 335 Electrical circuit for comparing the errf of two cells by a tangent galvanometer 
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resistance box, commutator, two way key 

Procedure: Adjust (i) the circular scale of 
tangent galvanometer horizontal, (ii) its coil in 
the magnetic meridian ad (iii) the 0°-0° dia¬ 
meter of circular scale to coincide with alu¬ 
minium pointer. Connect the 500-tums 
terminals to the commutator and complete the 
circuit as shown in (Fig. 3.35). D and L are the 
Darnell ad Leclanche cells, any one of which 
can be used to pass a current by closing the 
appropriate key 

Insert a suitable resistance in thexircmt so 
that the deflection of the needle is between 25‘ 
and 50" with the Daniel cell Read the deflec¬ 
tion of magnetic needle with the help of the 
pointer. Reverse the current and again read the 
deflection marked by the two ends of the 
pointer. Mean of these four readings give the 
value of 0p, the deflection of the magnetic 
needle by the current which passes in the cir¬ 
cuit by Deniell cell Similarly find 0^, the 
deflection by Leclanche cell, keeping circuit 
resistance same. Then according to Ohm’s law: 
E M.F. of cell D _ Current by cell D _ tan 9p 
E.M.F. of cell L Current of cell L tan 0^ 
In this calculation we treat the infernal resis¬ 
tance of the cells to be negligible compared to 
resistance in the resistance box, and thus the 
total circuit resistance to be same in both cases. 

Take various values of resistance in the resis¬ 
tance box, for each resistance measure 0^, and 
0L and calculate the ratio of e m.f.’s 
Notes: 1. In this experiment it is necessary to 
use the largest number of turns available in the 
galvanometer. Thus only a small current pro¬ 
duces a deflection between 25° and 65' and we 
are able to use a high resistance in the resis¬ 
tance box. 

2. The observed deflection depends on the 
value of the restoring field which is essentially 
earth’s magnetic field, which should not change 
throughout the experiment. Carry out the exper¬ 
iment with both the cells at the same place to 


ensure that the restonng field H is the same m 
both tlie cases 

3.24 (Experiment): To measure an unknown 
resistance by using a tangent galvanometer. 

Apparatus. The tangent galvanometer, the 
unknown resistance, a resistance box, two way 
key, rheostat, accumulator 
Procedure' Adjust the galvanometer as 
descnbed in demonstration 3.22. Make the cbn- 
necdons as shown in figure 3.36. In position 1 



Fig. 3 36 Ekctncal circuit for measuring a resistance X 
by tangent galvanometer. 

of the two way switch, S, the resistance box, 
R.B., is connected in the circuit. In position 2 
of the switch, the unknown resistance X gets 
connected m the circuit. 

Bnng S into position 2 first to bring X in the 
cucuit. Adjust the rheostat so that the deflec¬ 
tion IS around 45°. Note the reading at two ends 
of the pointer. Next, bring S into position 1, 
bringing the resistance box in the circuit. Make 
suitable resistances in the R.B. so that the 
deflection is between 25° and 65°. Note the each 
value of resistance in R.B. and the correspond¬ 
ing deflection by reading both the ends of the 
pointer. Plot a graph between deflection and the 
resistance in the resistance box. Then from this 
graph find out the value of X, conespohding to 
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the deflection which was noted with X in the 
circuit. 

3,25 (Demonstration); To demonstrate that 
a current carrying conductor experiences a 
force in a magnetic field. 

A simple .Barlow’s wheel very effectively 
demonstrates this concept. Fig. 3.37 schemat- 



Flg. 337 The Bartow's wheel 

ically shows this apparatus It essentially con¬ 
sists of a rnctallic wheel, W, free to rotate about 
its centre, keeping its plane vertical. Terminal 
Tj is connected to its centre through the stand 
in which wheel is supported. Below the lowest 
point of the wheel is placed a wooden block B, 
in which there is a drop of mercury in a small 
pit. Lowest point of the wheel dips in mercury. 
A connection wire is joined to terminal in 
the block so that its one end dips in mercury. 
A battery B and key K are connected across 
Tj and T|. Then on closing the key, a cuneni 
passes in the wheel from centre to mercury 
drop. 

On bringing a strong horse-shoe magnet such 
that it produces a magnetic field parallel to axis 
of the wheel in the region where current is pas¬ 
sing, you observe that wheel starts rotating. The 
wheel continues to rotate as long as cunent is 
passed as well as magnetic field exists in the 
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region where current is passing. After observ¬ 
ing the motion of the wheel, check that the force 
experienced by the current in the wheel is in 
accordance with the Fleming’s left hand rule 
(Fig. 3.20). 

3.26 (Demonstration): To demonstrate the 
working of a moving coil galvanometer and 
use it to coinpare the e.m.Ps of two cells. 

The most useful equipment for this demonstra¬ 
tion is the demonstration model of a moving 
coil galvanometer, which is commercially 
available at moderate cost. Fig. 3.38 shows the 
essential parts of a moving coil galvanometer, 



Fig. 3A8 The eonsiruction of a moving coil golvanorneler 

which can be easily seen by students in a group 
in the demonstration model. 

There is a strong parmanent horse-shoe 
magnet M with concave cylindencal pole- 
pieces N and S. Coaxial with the pole-pieces, 
there is a cylinderical soft iron core. Thus in 
the space between the core and pole-pieces a 
radial magnetic field is produced, i.e. the lines 
of magnetic flux pomt towards the common axis 
of the pole-pieces and the core. Then the force 
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F, acting on the vertical sides of the coil C of 
mean area A moving m this ratlial field of flux 
density B are always at right angles to tlie coil, 
thus producing a constant maximum torque = 
BIN A, where / is the current passing in the coil 
and N is the number of turns in the coil. The 
coil settles down m deflected equilibnum posi¬ 
tion, when this deflecting torque due to current 
in the coil equals the restoring torque of the hair 
spnng H. The restoring torque, due to its elas¬ 
tic nature, is proportional to angular deflection 
a of the coil, which is measured by the pointer 
P, moving on the scale 

Let the restoring torque per unit deflection 
of the coil (i.e. one division rotation of pointer 
on the scale) be C newton-meter. If the coil 
turns through a scale divisions to reach its equi¬ 
librium position, then 

BINA = Ca 
or a = BINA 
C 

Following conclusion immediately follows 
frqm this relation: 

(a) For a given galvanometer, the current is 
proportional to deflection a. This is in sharp 
contrast to tangent galvanometer where current 
is proportional to tangent of deflection. Thus 
the scale in this instrument is linear, which 
makes it very convenient to use. Sensitivities 
of such instruments are up to I mm per pA, i e. 
the deflection of the pointer on the scale is 1 
mm for IpA current passing llirough the coil. 
When an instrument is used for ad lusting a null 
point, as in a Wheatstone bridge, the sensitiv¬ 
ity in terms of voltage across the coil is impor¬ 
tant. Voltage sensitivity of such instrument are 
upto 2mm per mV, Higher sensitivities are 
achieved by (i) arangcnieiits with low value of 
C (phosphor bronze band su.spension instead of 
a hau spring) and (li) more sensitive arrange¬ 
ments to measure deflection (lamp and scale 
aiangement) 

' To demonstrate the working of tliis galva¬ 


nometer, you can do a simple experiment to 
compare the emf of a Leclanche cell with that 
of a Deniell cell, The connections to be made 
and procedure to be followed are idential to 
those in experiment 3.23, (illustrated in Fig. 
3.35) if your galvanometer has zero-mark in 
centre of the scale (as it usually is) The for- 
mqla to be used for calculations, however, is 
different: 

E.MJF. of cell D _ Cunentby cell D _ 
E.M.F. of cell L Current by cell L 

3.27 (Activity): To make a simple D.C. 
motor. 

Make a simple motor which uses current from 
a battery to excite the field magnets as well as 
the armature coil. 



Fig. 339 
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Prepare a base board B, of size 20 cm x 25 
cm (Fig.3.39). Drill a small hole thorugh ihe 
centre an drive a IS cm nail P up ihorugh it. 
Wind about 200 turns o'f enamelled copper wire 
(22 SWG) on two other 15 cm nails, Q and R, 
leaving about 30 cm of wire for free ends. Drive 
these nails into the board 15 cm apart 

Dnve two small nails S and T, on the dia¬ 
gonal of the base board and 5 cm from the nail 
at the centre. Remove enamel at the free ends 
X and Y, of each coil and twist them several 
times around the nails S and T respectively and 
bend them so that they will rest in contact with 
the central nail P These ends will serve as 
brushes. Care must be taken to have the field 
coils wound m proper direction Fig.3.39 a, b 
and c show a complete plan for the direction 
of windings. It will work in no other way. The 
other ends of the coils may be fastened to 
screws U and V in the comers of the base. Your 
field magnets and brushes, two of the four 
essential parts of a motor are now complete. 

The armature coil and commutator are now 
to be constructed. Dnll a hole crosswise through 
the top of a 4 cm cork and force a 13 cm nail, 
A through it. Wind about 40 turns of enamelled 
copper wire on to each end, making sure the 
direction of windings is as shown. Scrape the 
free ends L^ and Lj. Now gouge out the centre 
of the cork neatly round with a pen knife and 
insert th closed end of a 10.5 cm or 13 cm test 
tube into the cork. This completes the armature 
coil. 

You are now to make the commutator. Cut 
out two rectangular pieces of sheet copper about 
4 cm long and wide enough to reach around the 
test tube with about 5 mm space between them. 
Curve these to fit the tube. Punch small holes 
in the copper sheet pieces and into each hole, 
twist one of the scraped free ends L, and of 
the armature windings. Then bind these com¬ 
mutator plates securely into position at top and 


bottom with adhesive tape. Your rotor, consist¬ 
ing of armature and commutator, is now com¬ 
plete. 

Set the rotor into position on the cenual vu- 
tical nail and bring the brushes into contact willi 
the commutator. Now if your windings aiirl 
connections are all as shown, connect the fra' 
ends of the field coils to a cell C. Then with 
a slight push of the armature, it should start 
roiaung at a lively speed. 

Notes: 1. Just in case your armature docs nut 
keep rotating, examine the brushes to see 
whether they make a light but certain contact. 

2. Another crucial issue for success of yoiu 
motor is the angle of the brushes To asceiuun 
the correct angle at which brushes should make 
contact with the commulaloi, untwist the 
brushes from the nails and hold them lightly 
against the commutator plates with the fmgois 
While holding them alwys parallel, swing them 
around at different angles, while anodiei col¬ 
league tiims the armature with his hands. Note 
the point at which the armature picks pp most 
speed and then set the brushes at that point. 
With a little patience you are sure to be suc¬ 
cessful, 

TOPIC HI EARTH AS A MAGNET 

3.28 (Demonstration) 1 To show that the 
earth’s magnetic field has both vertical and 
horizontal components. 

Horizontal Component ■ Take a compass needle. 
Place it horizontally on the pointed suppoil so 
that it IS free to rotate in a honzontal plane. Yon 
find that ii comes into equilibrium along nortli 
south direction only. If you leave it in any otliei 
position, It moves to north-south direction 
Clear implication is that forces are acting on 
its poles as shown m Fig. 3.40. Hence emtli’s 
magnetic field is capable of applying a force 
m a horizontal plane towards norlli direction on 
the north pole of the compass needle and an 
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I !p iM A compass needle eipinences forcedF F in hor- 
plane in the earth's magnetic field 

ciiual opposite force on the south pole. Hence 
It has a horizontal component. 

Vertical Component- Take a dip needle. It is 
a compass needle free to rotate in a vertical 
plane. Its horizontal axle about which it rotates, 
pa.sscs through its C.G. Thus gravitational force 
has no tendency to keep it in any preferred direc- 
uon. The needle and its frame can rotate about 
a vertical axis so that its vertical plane of rota- 
uon can be set in any direcUon (Fig. 3.41). A- 



90‘ circular scale is also attached to the firame 
on which one can observe at what angle to hor¬ 
izontal the needle comes into equilihirum, 
Keeping the vertical-plane of rotauon of the 
needle in north-south direction (i.e. in magnetic 
meridian), observe the reading of the needle on 
the circular scale. Repeat this observation keqi- 
ing the plane of rotation at various angles to 
magnetic mendian. You observe that when the 
plane of rotation is along east-west direction, the 
readingis largest i.e. 90' making the needle ver- 
Deal (Fig. 3.42b). In this position the vertical com¬ 
ponent of earth’s magnetic field pulls the north 
pole of needle downwards and pushes the south 
pole upwards and the horizontal component is 
ineffecuve (because forces F applied by it on the 
poles of the magnehc needle are perpendicular 
to the plane of rotation of the needle as shown 
in Fig. 3.42a). 


S 



F 

V 


(a) 


Fig. 3.41 the dip needle 


Mg 3 42 Dip needle becomes vertical when its plane is the 
East-West Asia direction 
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(b) 

Fig. 3.4J(b) 


When the plane of rotation is in magnetic 
meridian, you observe that the reading on circu¬ 
lar scale is smalles. (Fig. 3.43a). In this posi¬ 



ng. 3/0 In the magnetic meridian, the dip needle reads the 
angle of dip ^ 



angle, you can find geographic nortli direction 
with the help of a coippass 
2. The vertical component of earth’s magnetic 
field and angle of dip can also be demonstrated 
with the help of dip circle which is a more elab 
orate instrument and is explained in experiment 
3.31. Conversely, that expenraent can also be 
done (with less accuracy m the result) using the 
dip needle. 

3.29 (experiment): To determine the horizon¬ 
tal component of earth’s magnetic field using 
a tangent galvanomete. 

Apparatus. Tangent galvanometer, commutator, 
ammeter, battery, plug kpy, rheostat 
Procedure ■ Adjust the galvanometer such that 
the circular scale is horizontal the coil is m 
magnetic mendian and pointer reads O'-O' with 
no current in the coil. Complete the circuit as 
shown in fig. 3.44. Choose a suitable 



Fig. 3.44 Blecirwal circuu for measuring the horaonial com¬ 
ponent of earth’s magnetic field by a tangent galvanometer 


tion the horizontal component of earth's magne¬ 
tic field is fully effective and the needle points 
in the direction of the resultant magnetic field. 
The reading on the circular scale in this position 
IS called angle of dip. ' 

Note: 1. The north direction indicated by the 
compass is usually not the geographic north direc¬ 
tion. The angle between the two directions is 
called angle of declination. Only if you know this 


pair of terminals on the tangent galvanometer 
and adjust current by rheostate such that (i) amm¬ 
eter reading is more than half of its M scale 
deflection and (li) deflection of tangent galvanom¬ 
eter is between 25’ and 65’. 

Now pass the current in one direction, Then 
read the current, I in ammeter and deflation of 
both ends of the pointer (flj, 9j) Reverse 
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the current and again read the deflection of both 
ends of the pointer (0^, 0^ Calculate tlie 
deflection, 0, of the pointer as mean of tlicse 
four readings. Repeat the readings of various 
values of current which deflect the magnetic 
needle of the magnetometei through 25“ to 65“. 
Plot a graph between I and tan 0,.taking the 
former along X-axis and tlie latter along Y- 
tixis-~a straight line through the origin 
Find the slope of tlie graph: 

Slope = Change in tan 0 = 

Change in I DM 
Take at least two perpendicular readings,mea- 
siuB the inner and outer diameters of tlie coil and 
find the mean diameter, D 
llius find the value of earth’s magnetic field, H- 

H = ^_ 

D (slope) 

Observations: 

Internal diameter of the coil = 

(i)_m (li)_m 

Mean I.D. =_m 

Outer dametcr of the coil - 

(i)_m (ii)_m 

Mean 0,D. = __m 

Mean diameter of the coil, D 
_ I.D. + O.D. _ 

2 

Number of turns of the coil iisexi, N =_ 


Slopes Ctiangc m tanO ^ 

Change m / 

Eaiih’s magneue field, II 

_ X 10'N ^ j 

D X Slope 

Nuuv 1 The coil should lx: connected to llic 
reversing key by a long piece ot twm flexible 
wn-e. so that the ammelci and the connecting 
wires carying die ament exert no appreciable 
magnetic field on the needle of the tangent gal- 
vanonilei. 

2. Bcaiuse, ntxuly all sensitive ainmeteis are 
for use willi direct curreut and have their zero 
mark at the Iclt end ot die scale, it is essential 
that the ammeter should lx: connected on the bat¬ 
tery side of the reversing key, as shown in 
Fig. 3.44. • 

3 Chock iho ammetci for zcro-i ending 11 nec¬ 
essary, reset it by the adjusting screw piovided 

4.1'aking deflection G as I he mean of four read¬ 
ings 9,, Gj, 0j, 9,^ is not just to reduce the 
random erro of observation. It eliminates errors 
due to 

(a) plane ol' the coil not being accurately in 
magnetic meridian, and (b) pin on which magne¬ 
tic needle and pointei are. siia])endcd not being 
accurately in the centre of die circular scale of 
die deflection magnetometer 

The rea.soning as to how these errors are 
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eliminated, is similnr in dint for detleclioii mag- 
neiometer, given in experiment 3.20 

5, While noting the dctlecuon of the [xiinter 
in ihc detlecLion magnetometer oi while observ¬ 
ing its Acro-rearhng, the Ixix should be gently 
tapped so that friction IkHwccii the inaftnct and 
pin on v/hicli it is siistviided, is minimised. 

e 6. hhe piecediie ol iiptimj', ititerual dutnetcr 
and outer diameter the toil tuid finding their 
!Tica.n, gives only cn apptoxiiTi;ite rosuk Stax; Use 
coil i'‘ wound in ’''y s or-' on!", th/ ijitw'-, the 
mean diameter dcpienris on die niimbet ot turns 
chosen. Figure 3.45 sIkiws a portion of die 

M ~ fan 0. 

7 ? . 

6 



Fig. 3>1S Delails of layers nj difjerM wirnlmgs m ihr coil 
of a umgetu ^alvanmnoter 

coil and details of vanout Layexs of winding 
inside the coil. A good rn'initlaciurer of the 
mstrument would specify die mo.tij'i diameter for 
each numba of turns rimt can be chosen. If tfiis 
specification Is avaiiabie, it should be used, 


330 (Experimenl): To detemine the horizon¬ 
tal component of earth’s magnetic field and 
magnetic moment of a magnet using a deflec¬ 
tion magnetometer and a vibration magne¬ 
tometer, 

Apparalus: A short and .strong bar magnet (an 
alnico magnet of 5 cm lengtli and crossection 
X 1G rnm is good') a detkctiori EP'iyt’.c’oi''- 
e'er, a vibmUtm inagnctofiieter, 3 s<op vMtrb, vc'". 
tiiei p' lysscal bujnni 

Th; vy. U a m'lgud cf n:.iipeiic ‘''o.ucnif 
M,T'iiKti> detlectiou 6 ol didlrt-Uon nKVT.y.cm 
etcr in end-oii position at a distance d, f!r.n 
^ ^ Fq it // tan 0, 


Where II is the horizontal component of earth’s 
magnetic field, and p,, is the permeabihty of air 
(4fc X lOT m/A). An important condition for 
validity of this relation is liiar d is much larger 
than length of the magnet. 

If the same magnet oscillates in a honzxintal 
plane due to earth’s field wiiii a time period T 
and its moment of inertia is I, tlien 


T = 2)1 / i_, 
VM II 


. ,1 

or M // = —. 

.(2) 

'P 


From (1) & (2), Af = .i 

l// cf tan 9 _ 

1 


and H = 1/ i}g .. 

....(4) 

T ^ cP me 



Procedure: Adjust (he deflection magnetom¬ 
eter as explained in expenment 3,20 and in 
Figure 3.29. Fmd the deflection produced by the 
magnet for at least two dLstanccs, calculate 
iPtan 0 in each case and find its mean value. If 
you aic. using a 5 cm magnet, .keep its dishince 
from magnetic needle larger than 20 cm. 

Next adjust the vibration magnetometer as 
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explained in experiment 3.21 and in Figure 3.33. 
Put the same magnet m the stirrup and find its 
lime period of oscillation, T. Measure the dimen¬ 
sions and mass of the magnet and calcualte the 
moment of inertia /, as explained, ih 
experiment 3.21. 

Then calculate Lhe horizontal component of 
earth’s magnetic field and magnetic moment of 
the inagiiei using the formulae given above. 

331 (Expertomt): To measure the angle cf 
dip at a place with the help .of a dip circle. 

Apparatus. Dip cucle, spuit level. 

Description of apparatus' The dip circle (Fig. 
3.46) is basically an improvement of the dip 



needle, which enables elimination of various 
expaimenial errors and measure the angle of dip 
accurately. In this instrument the circular scale 


is a full circle graduated into four quadrants, each 
having zero mark in horizontal direction and 90' 
mark in vertical direction. There are levelling 
screws to make the base and 0°-0° line of the ver¬ 
tical circular scale horizontal. The base also has 
a circular scale so that the plane of the vertical 
circular scale can be rotated about a vertical axis 
through any desired angle. The needle can be 
removed for reversal of the two ends of its axle, 
which rests on the knife edges to minimise fric¬ 
tion. 

Procedure: With the help of levelling screws 
and a spirit level placed on the base, make the 
base of the dip circle horizontal.Rotate the dip 
circle about a vertical axis till the magnelip 
needle becomes vertical. The plane of the rota¬ 
tion of the needle, which is also the plane of the 
cucular scale, is now perpendicular to the magn^ 
tic meridian, i.e. in east-west direction. In this 
plane, the earth’s horizontal field has no 
component. 

Rotate the dip circle, now, through 90’ on the 
honzcmtal scale, to bring it in the magnetic merid¬ 
ian. Observe the angle of dip at both the ends of 
the needle. Remove needle and place it back with 
the. two ends of its axle interchanged and take 
readings at both ends of the needle. Next, 
rotate the plane of vertical scale through 
180’ and again take four more reading in similar 
manner. The mean of these eight readings is the 
correct angle of dip, eliminating the following 
enras: 

1. Axle of the needle may not be located actur- 
ately at the centre of the circular scale. 
Refemng to figure 3.47a, X Y is the horizontal 
line, 0 is the centre of circular scale and O' the 
axle of the needle. If O' is on the left of 0 then 
angle S O' Y and N O' X arc equal being ver¬ 
tically opposite angles and represent the correct 
angle of dip but, the scale reading at’S (arc 
SY) is greater than that at N (arc NX). It can be 
seen easily that mean of the two readings 
will be more closely equal to angle S O' Y, 
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(®) . (b) (c) 

Fig. 3.47 


2 Geometric axis of the needle may not 
accurately coincide with its magnetic axis. 
Then, as shown in figure 3.47b, magnetic axis, 
PQ, remains in the direction of earth’s magne¬ 
tic field but geometrical location of tips N and 
S of needle may give a larger angle of dip (for 
example). On interchanging the two ends of its 
axle the magnetic axis is, again, along line PQ, 
but the tips of the needle in position N' and S' 
give an angle of dip smaller than actual one, 
and +ve and -ve errors in Ihe two cases are 
equal. Hence they cancel in taking the mean of 
the two sets of observations 

3. 0° - 0‘ line of verticaj scale may not be 
accurately perpendicular to vertical axis about 
which It rotates Thus, it may not be horizontal 
(Fig. 3.47c). This it is a small mechanical fault 
which may occur while making the instrument In 
this figure ZOZ' is the vertical axis and X'OY' 
is the horizontal line. The 0"-0‘ line, XOY is 
such that the observed value of angle of dip (i.e. 
arc XN) is loo small. When the entire 'instru¬ 
ment IS rotated through 180* about the axis 
ZOZ', This O'-O* line takes a new orientation 
in which the obseved value of angle of dip is 
loo large. By taking the mean of these two sets 
of observations, this error is eliminated. 

3 J2 (Activity): To detect a concealed magne¬ 


tic body (e.g. a standard one-kilogram weight 
of iron) by plotting the lines of force. 

Place a large white sheet of paper on the table. 
Over this paper support a drawing board on four 
wooden blocks of height equal to that of one- 
kg. weight, keeping the one-kg weight in its 
centre and below it. Keep the longer edge of 
the board along north-south direction with the 
help of a compass. Take a few points A, A,, 
Ay Aj, A^....qn the-southem short edge of the 
paper fixed on it. Starting form each point, plot 
a Ime of force by using a plotting compass. 

Observe that the lines of force come closer 
together at the place whec the one-kg. weight 
IS placed (Fig. 3.48). From the symmetry of the 
lines of force mark the point about which lines 
of force are symmetrical. This point should be 
the centre of the 1 kg. weight placed below. 
Note the distances of the point of symmetry so 
marked, from the four edges of the drawing 
board. 

To check up how far you have correctly 
located the concealed 1-kg. weight, mark the 
for edges of the board on the large white sheet 
of paper placed on the table. Also mark the 
boundary of the 1-kg. weight placed on it, 
Locate the centre of the weight and measure its 
distances from the four edges of the board artd 






Theme IV 


ElectroMUgnetic Induction and Varying Currents 


you have so far studied effects of electric cur¬ 
rent which occur whether the current is steady 
or is varying, In the present theme you will 
study an effect of cunent which is specifically 
associated with variation. When the current is 
varying, it produces a changing magneuc field, 
which in its turn induces an e.m.f. in the con¬ 
ductors through which the magnetic lines of 
force pass. This e.m.f. is induced whenever the 
magnetic flux through die conductor changes, 
whatever be the machanics of this change, and 
this phenomenon is called electromagneiic 
induction. 

TOPIC I; PRODUCTION OF INDUCED e.m f BY A 
CHANGING MAGNEHC FLUX 

4.1 (Demonstration); To demonstrate the 
production of induced emf in a coil due to 
the movement of a magnet towards and away 
from it. 

Take a coil of DCC^ copper wire with about 
300 turns (diameter about 20 cm) and a strong 
5cm long bar magnet. Connect the two ends of 
the coil with the terminals of a sensitive galva¬ 
nometer^ (Fig. 4.1). Hold the magnet in your 


'DCC means double cotton coveted. Such a wire has two 
layers of cotton thread wound on it for insulation and is 
quite convenient for low voltage experiments in a school 
Isboratoty. 

% should give full scale deflection by less than 50 milli¬ 
volt. 



Fig. 4.1 Magnet tn motion produces an induced emf 
in coil S 


hand and bring it towards the coil. It may be 
inserted nght into the coil. You will observe 
some deflecdon of the galvanometer needle, 
which is a measure of the induced cmrent that 
flows due to an induced emf generated in the 
coil. Now you move the magnet away from the 
coil with roughly same speed. You will again 
observe same deflection, but now in oppposite 
direction. In the former case, the magnetic flux 
passing through the coil was increasing, while 
in the latter case it was decreasing. Note also 
that the deflection is observed only when the 
magnet is in motion It shows that the induced 
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current flows as long as the flux is changing, 
i‘ If you repeat the demonstration, by moving, 
, the/magnet, faster^ you will' observe skater/ 
deflection inicach case It shows that higher the 
rate of vanation of the magnetic flux, the greater 
the induced emf in the coil. This is a qualit- 
auve demonstration of the Faraday’s law which 
states that the induced emf is directly propor¬ 
tional to the rate of change of flux. 

4.2 (Demonstration): To demonstrate the 
production of induced emf in a coil due to 
the movement of similar coil carrying cur¬ 
rent towards and away from it. 

Take the coil S used in the demonstration 4 1 
above and connect it with the galvanometer 
(Fig 4,2) Take another coil P of same dia- 



4 2 Current carrying coil in molion produces an 
induced emf m coil S 

meter and about 150 turns and connect it with 
an accumulatcr through a key The coil P acts 
as a magnbl due to the current flowing in it 
Move this coil towards or away from the coil 
S as the magnet was moved in demonstration 
4 1 above. You observe a deflection in the gal¬ 


vanometer, evidencing production of induced 
emf, in coil S. If the coil P is moved faster, the 
.deflection,in, the galvanometer is larger. 

Next, let us not move the coil P. Just place 
it on the coil S, separated by an insulator like 
a glass plate or a card board sheet Observe the 
deflection in the galvanometer connected to S 
as you switch on the current in P, Observe 
opposite deflection in galvanometer when you 
switch off the current in P. It is then clear that 
motion of the coil or magnet (Expt 4.1) is not 
the important factor It is the change of magne¬ 
tic field produced by the coil P in the area 
occupied by S, which causes induced emf in the 
coil S. 

Next, let the coil P be placed flat on a glass 
sheet, which in its turn is placed on coil S. The 
coil P carries a constant current and we do not 
change the current so that its magnetic field is 
also not changed Initially coil P is just above 
S, so that almost all the lines of force of P pass 
through S. Then slide P on the glass plate so 
that common area of the two coils decreases. 
Observe deflection in galvanometer in the same 
direction as that when current was switched off 
in P. Next, increase the common area and 
observe deflection in the same direction as that 
when current was switched on in P. So finally 
we learn that it is the flux of magnetic field pro¬ 
duced by P and passing through S, whose 
change causes induced emf in S, whether this 
change is done (i) by motion of P which 
changes the field strength in S, and thus the flux 
of magnetic field through the cpiil S, or (ii) by 
change of current in P; or (lii) by change of area 
of P facing the coil S. 

4.3 (Demonstration): To demonstrate the 
production of induced emf in a coil due to 
its motion in a magnetic field. 

Take the coil used m demonstration 4.1 above 
and connect it with a galvanometer Move the 
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'coil towards tlie space between the north and be of about 20 cm to 30 cm diameter and made 
south poles of a strong magnet as shown in'.' of insulated copper wire and sho^uld have 


Fig.4.3 Observe the deflcctibn'in''th’e''gdlva- 





Fig. 4,3 As the coil moves, induced emf is produced in it 

nometer. Now take the coil away from the 
magnet and observe the defleciton, which is in 
aduection opposite to the earlier one. Move the 
coil at a faster rate and observe the greater 
deflection. Note that the deflection is observed 
only when the coil is moving. 

Here also it may be noted that whereas in the 
previous two experiments the coil connected to 
galvanometer was stationary, in this expenment 
it moves to cause a change of flux of magnetic 
field passing through it. When it moves into 
stronger field, the flux increases and when it 
moves away from stronger field, the flux 
decreases. Thus, change of flux passing through 
the coil, being the common feature in these 
three experiments is the primary cause of pro¬ 
duction of induced emf 

4.4 (Demonstration); To demonstrate the 
production of induced emf in a coil due to 
its rotation in the Earth’s magnetic field. 

The coil required for this demonstration should 


V' between '300 to 1000 iunis.'It is>'fitted', in a 
■ sqiiiire'frame so' that it can he rotated sdddenly 
' through 180“, about an'axis along its horizon¬ 
tal diameter (Fig 4.4)! The coil rests on two 
pivots. Initially it is perpendicular to nortli-south 
direction i.e. in the E-W vertical plane. The two 


Coil in E-w vertical plane 



Fig. 4A 

ends of the coil of wire are connected to a sen¬ 
sitive galvanometer, (the kind used to study 
small thermo-emf’s). The coil of a tangent gal¬ 
vanometer with 500 turns can also be used for 
this purpose, if you practice rotating it through 
about 180° m a time much shorter than the time 
in which needle/light spot of the galvanometer 
deflects. 

If the coil is rotated in the Earth’s magnetic 
field through 180°, the flux of the Earth’s 
magnetic field passing through it decreases to 
zero during first 90° of rotation and then mcrea- 
ses in opposite direction, reaching the initial 
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magnitude dunng next 90” of rotation. Thus an 
emf IS induced in the coil. Therefore, some 
deflection is observed in the galvanometer. , 
‘a coil of this type is used to find the strength 
of the Earth's magnetic field (its horizontal and 
vertical components), and the angle of dip at 
a place. Such a coil is called an Earth Inductor. 

4.5 (Demonstration); To demonstrate the 
production of induced emf in a coil placed 
in a solenoid, when current is passed or 
stopped in the solenoid. 

Take a long (20 cm) solenoid made of thick 
copper wire (e.g. 22 SWG, enamelled) with 10 
to 15 turns per cm and the coil diameter of 5 
to 10 cm. It may be wound on the cardboard 
tube used for packing shuttle cocks. A slit of 
about 2mm width is cut in an arc of about 120” 
in the centre of the cardboard tube to insert a 
small coil into the solenoid. 

Take another coil of thin copper wire (40 
SWG) having about 100 turns and of diameter 
2 cm less than that of cardboard tube. It can be 
inserted into the solenoid through the slit, as 
shown in Fig. 4.5. This coil is connected to a 


Small coil 



Fig. 4,5 Aj the current is passed or stopped in solenoid, 
induced tn^ IS produced in the small coil inside. 


sensitive galvanometer (the kind used to study 
small thermo-emf’s.) 

., Connect the, solenoid with a power supply 
through a tapping key. Apply a voltage of V 
to the solenoid. You will observe a deflection 
in the galvanometer when the circuit is made 
or broken. However, the deflection obtained 
when the circuit is broken is m opposite direc¬ 
tion to that ootained when the circuit is made 
The deflection is essentially due to the induced 
emf in the small coil, which results in the flow 
of current. This induced emf is produced by the 
changing flux of magnetic field inside the sol¬ 
enoid which passes through the small coil, By 
noting the deflection of the galvanometer and 
by using appropriate formulae, we can find the 
flux of the magnetic field passing through the 
small coil, and thus the flux density at its centre. 
A small coil so used is called a search coil) 

4.6 (Demonstration): To demonstrate the 
production of induced emf due to motion of 
a straight conductor cutting across the lines 
of force in a magnetic field. 

The apparatus required for this activity is shown 
in Fig. 4.6a, It consists of a horse-shoe 
magnet^ and a metallic circular disc (2 mm 
thick and 15 cm diameter). The disc is placed 
between the two poles of the magnet as shown. 
The disc can be rotated by rotating the large 
wheel. A metronome is also required for this 
demonstration. The connections have been 
taken out from the disc-one from its centre A 
and another from a point B on the boundary of 


1 

An improvised U-magnet can be made oui of 2 bar mag¬ 
nets as described in Appendex 9 A very good C-shaped 
electromagnet can also be improvised out of a burnt out 
choke of a fluorescent tube, if you have one, as described 
in Appendix 10, 
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rjg. 4.6 a, Ai the disc rotates, induced emfis produced 
m it along the radius AB 

the disc between the poles' of the magnet as 
shown, Gear ratio can be made around 1:5 to 
1:10, that is for one rotation of wheel there are 
five to ten rotations of the disc. 

Select the frequency of the metronome to 20 
beats per minute and give one rotation to the 
wheel for every beat. In this manner you make 
200 rotations of the disc per minute. By increas¬ 
ing the frequency of metronome and rotations 
of the large wheel in synchronization, you can 
easily increase the number of rotations of the 
disc upto 1500 per minute with a little practice. 

Now connect the disc to a sensitive galva¬ 
nometer and rotate the disc at the rate of 200 
rotations per minute. You will observe some 
deflection in the galvanometer, note it. Increase 
the speed of rotation of the disc to 300 rotation 
per minute and note the deflection. Repeat the 
experiment for several values of the speed of 
rotation of the disc. Reason for this induced emf 
is as follows. 

The disc can be treated as a combination of 
a large number of radial bars (like spokes of 
the wheel of a bike) which cut across the 
magnetic lines of force (Fig. 4,6b). The emf 



(b) 

Fig. 4.6(b) 


induced in the spoke which is along the radius 
AB, causes a current to flow in it and the gal¬ 
vanometer, which \s measured by the deflection 
of the galvanometer You will observe that (i) 
the deflection is obtained only when the disc 
is rotating, (ii) higher the number of rotations 
of the disc per minute, the higher is the deflec¬ 
tion in the galvanometer, and (iii) duection of 
induced emf in the ‘spokes’ is according to 
Fleming’s right hand rule, illustrated in Fig. 
4.6c. i 
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If either you have good practice of rotating 
the disc with constant speed or if the disc is 
driven by an electric motor whose speed can 
be changed at will, you can demonstrate that 
induced emf in proportional to speed of rota¬ 
tion of the disc. 

4.7 (Acitivity) To illustrate that the induced 
emf in a conductor cutting across lines of 
force is proportional to the rate of cutting 
across the magnetic flux (Faraday’s law). 

The apparatus required for this activity is shown 
in Fig.4.7. It consists of a half rectangle shaped 



Fig. 4.7 

thick copper wire (14 SWG) ABCD attached 
to a wooden handle H and a strong cylinder- 
ical mapet SN, held by wooden supports E and 
F. The half rectangle is soldered at each end 
to a circular collar of thick copper sheet. 
Through the collar at end A passes the north 
pole of the magnet. The other collar is attached 
to the handle, H. The brass strips X and Y make 
contact with the collars and their other ends are 
joined with the terminals Tj and Tj, The con¬ 
tact friction IS minimised by oiling them. A sen- 
siuve galvanometer and a metronome are also 
required. 

Connect the galvanometer to terminals T, 
and Tj. Set the metronome to any desired beat 
frequency, say 30 beats per minute. Using the 


handle H rotate ABCD so that one rotation is 
completed for every beat 

As the wire cuts across the lines of force, a 
continuous d.c. emf is induced. With some prac¬ 
tice, uniform speed of rotation can be achieved 
as observed by a steady deflection of the gal¬ 
vanometer Note the deflection, 9y Now rotate 
ABCD in the opposite direction at the same rale 
in a similar manner and note the deflection 9^ 
in opposite direction. Find the mean deflection, 
9 . 

Increase the frequency of the metronome and 
repeat the experiment for different speeds of 
rotation. Higher the speed of rotation, the 
peater is the induced emf. The rate of cutting 
the mapctic flux is proportional to/, the beat 
frequency of tlie metronome, which is also the 
frequency of rotation of the wire ABCD. The 
induced emf is proportional to 9. Thus a straight 
line paph between /and 9, passing through the 
origin, demonstrates the Faraday’s law of induc: 
tion, viz. induced emf is proportional to rate of 
cutting the magnetic flux. 

Note: This activity can also be done by using 
the apparatus of demonstration expenment 4 6, 
shown in Fig. 4.6. In fact that demonstration can 
be done by an ordinary galvanometer having 
a sensitivity of about 1 m V per scale division. 
Activity 4.7 on the other hand, requtfes a hun¬ 
dred times more sensitive galvanometer (a sus¬ 
pended coil galvanometer). Advantage of 
activity 4.7 is that it is conceptually simpler. 
You see a wire cutting across lines of force and 
showing an induced emf. 

TOPIC R’ LENZ’S UW FOR THE DIRECTION OF 
INDUCED emf. 

4.8 (Demonstration): To demonstrate that 
the induced emf is such that it opposes the 
cause of its production. 

Make a coil (7 to 8 cm diameter) of 5 to 10 
turns, using a thick (3 or 4 mm diameter) copper 
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oraluminium wire. Twist at least 3 cm to 4 cm 
length of each end of the wire together to make 
its handle, which ensures also the good elec¬ 
trical contact between the two ends. The sim¬ 
plest way to make it is to wrap the wire on a 
glass tumbler. After twisting the ends together, 
it can be slipped out towards the thinner end 
of the tumbler (Fig, 4.8a) 



Fig. 4.8 (a, b, c) 

Suspend a strong bar magnet from a labor¬ 
atory stand honzontally by two threads as 
shown in Fig. 4.8a. Hold the coil perpendic¬ 
ular to the magnetic exis of the magnet Quickly 


bring it near the magnet (but don’t touch it) you 
will observe that the magnet is pushed back a 
litde (Fig 4 8b). As the magnet starts moving 
back to the equilibnum position, quickly move 
the coil away and you will observe that a pull 
acts on the magnet (Fig 4.8c) In this manner, 
without touching the magnet, quite a large 
swing can be built up. 

- Inference, clearly, is that when mutual dis¬ 
tance between co'il and magnet is decreasing, 
induced current in coil is in such direction that 
the repel, i.e. it opposes the decrease of distance. 
When their mutual distance is increasing, there 
IS force of attraction which, again, opposes this 
increases of mutual distance. This proves the 
Lenz’s law which sates that the induced emf 
is in a direction so as to oppose the cause of 
its production. 

Even in demonstration 4 1 above, if you per^ 
form the experiment carefully you can feel the 
force of attraction and repulsion of magnet by 
the coil, during the period the magnet is motion 
Notes -1 For this demonstration it is essential to 
use thick wire. la low resistance ensures the pro¬ 
duction of a large current by the small induced 
emf, thereby developing a subsantial force 
between the magnet and the cod. 

2. In each of the expenment 4.3,4.4,4.6 and 
4.7 above, a conductor moves in a magnetic 
field and an induced emf is produced in the 
conductor, Find out the direction of induced cur¬ 
rent, with the help of the polanty marked on 
galvanometer for deflection of its needle 
towards right hand side. Then with the help of 
Flemmg’s left hand rule, find out in each exper¬ 
iment the direction of force expenenced by the 
concerned conductor moving m the magnetic 
field. You will fmd that this force opposes the 
motion of the conductor. 

3. In each of the expenments 4J,, 4 2 and4,5 
above the flux of magnetic field through a sta¬ 
tionary coil changes. Thus an induced emf is 
produced in the coil. Find out the direction of 
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induced current, with the help of polarity 
marked on galvanometer for deflection of its 
needle towards right hand side. Then with the 
help of cork screw rule find out the direction 
of magnedc field produced by this current at 
the centre of the coil You will find that the 
magnetic field of induced current opposes the 
change of flux through the coil and tries to keep 
it constant. 

TOPIC m , EDDY CURRENTS 

4.9 (Demonstration) To demonstrate the 
production of eddy currents in a conductor 
placed in a varying magnetic field (jumping 
ring). 

The apparatus for this demonstration is a large 
bar electromagnet and is commercially avail¬ 
able. It consists of a coil P, having a large 
number of turns of thick copper wire and a long 
I-core of soft iron core, AB, as shown tn Fig 
4.9, An Aluminium ring, S, rests on the coil. 



Fig. 4.9 


Alternatively, a coil (inner diameter 2 or 3 cm) 
can he made using thick enamelled copper wire 
with a t least about 1000 turns. A long soft iron 
bar (diameter 2 or 3 cm) can be used as its core 
and the aluminium ring rests on this coil 
When the a.c. current is switched on, the 
aluminium ring is thrown up. The cause of this 
throw is eddy currents, which are the currents 
induced within any conductor across which the 
magnetic flux is changing. These cunents cause 
a magnetic force on the ring, whose direction 
can be easily found The current passing in the 
coil is a.c., 1 e it changes its direction after every 
1/100 second. During the interval of 1/100 
second when it is in one direction, first it grad¬ 
ually increases and then gradually decreases to 
zero Thus there is conunuous change of flux 
passing through the nng. The ring can be con¬ 
sidered as the secondary coil of one loop, in the 
transformer consisting of this nng and the coil 
P. The induced current in the ring is also an a.c,, 
which IS always opposite to that in a coil P, 
Thus at any instant, the coil P and the nng both 
behave like magnets with their similar poles 
facing each other, though the polarity of each 
IS continually changing which cause a repul¬ 
sion between them (Fig. 4.10). 



Fig. 4.10 Whatever the direction of a.c in coil P at an 
instant, the direction of induced current in the ring is oppo¬ 
site to it. Force of repulsion between the two currents throws 
off the ring. 
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4.10 (Demonstration): To, demonstrate the 
solwing down and repulsion of a trolley due 
to eddy currents. 

Tlie apparatus required for it includes the elec¬ 
tromagnet used in demonsiration 4.9 and a small 
metallic toy trolley, Fig. 411. Switch on the a.c. 



fFig. 4.11 Eddy currents in the metal body of toy cor repel 
the ac in coil P Thus the car slows down and then moves 
hack. 

current and push the trolley towards the core 
of the electromagnet by a stroke of your finger. 
You will observe that as the trolley moves 
towards the electro-magnet, is slows down 
because of th reasons given above in the 
demonstration 4.9 and, then, moves back, if fric¬ 
tion of us wheels is quite low. The demonstra¬ 
tion is best done with a toy of aluminium, which 
IS lighter then iron and is a much better con¬ 
ductor than iron (see table of resistivities of 
metals in data section), 

4.11 (Activity): To construct a model of an 
automobile speedometer based on eddy cur¬ 
rents, 

Automobile speedometers depend on eddy cur¬ 
rents. One of the wheels of the automobile is 
coupled by a flexible shaft to a permanent 
magnet which is kept beneath an aluminium 
cup. When the automobile is moving the 
magnet rotates. Eddy currents induced in the 
cup produce a rorque causing the rotation of the 


cup m proportion to the speed of rotation of the 
magnet. 

An improvised speedometer for laboratory 
demonstration can.be constructed as follows 
Cut a square piece (10 cm x 10 cm) out of a 
thin aluminium sheet (SWG 26 or 28). Mark 
its centre C and bend its comers up as shown 
in Fig. 4.12(a) so that its C.G. is a little above 
C. Hang the aluminium plate upside down using 
a rubber string or thin metal wire so that is is 
honzontal,Fig. 4.12(b). Now its C.G. is a little 




Fig 4.1Z a, b. Deflection of aluminium plate is proportional 
to speed of rotation of the magnet. 

below its centre C and it is in a stable equilib¬ 
rium. Thus if It is given a twist, it oscillates in 
horizontal plane like a torsion pendulum, due 
to elasticity of rubber stiing/metal wire. 
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The horse-shoe magnet is held below ihe 
aluminium plate with its poles upwards. The 
magnet is held vertical in a wooden block 
placed at the centre of a phonograph disc The 
magnet and aluminium plate are so positioned 
that axis of rotation of phonograph, is the axis 
of symmetry of magnet and also is the axis of 
horizontal oscillations of the plate 

As the phonograph disc and the magnet 
rotate, the aluminium plate deflects from its 
equilibrium position. The faster the speed of 
rotation of phonograph disc, the greater the 
torque acting on the aluminium plate and the 
greater is its deflection from its equilibrium 
position. 

TOPIC IV' MUTUAL INDUCTION 

4.12 (Demonstration): To demonstrate that an 
induced emf is produced in a coil placed near 
another coll carrying changing current. 

(a) You have seen in demonstration 4.2 that 
when current is passed or stopped in a coil P, 
mduced emf is produced in a coil S placed near 
It in such a manner that magnetic field lines pro¬ 
duced by P pass through S. After this demon¬ 
stration, interchange galvnometer with battery 
and key without changing the position of the 
two coils. Thus you switch on and switch off 
current S and observe induced current produced 
in P. Thus you observe that varying current 
(increasing or decreasing) in any of the coils 
induces a current in the other This phenom¬ 
enon is called mutual induction. 

(b) Next, pass a current in P by a 6 volt a.c. 
source, with help of a rheostat adjust the cur¬ 
rent to about 2A or 3A and note the current by 
an a.c. ammeter (Fig. 4.13). In the coil S, instead 
of galvanometer connect an a.c. voltmeter*. 
Thus note the a.c, voltage induced in S. 

Now, without altering the posmonsof the two 
coils, connect the 6 volt a.c, source rheostat and 
a,c. ammetr to coil S. Pass the same a.c. cur¬ 
rent in coil s was passed in P, in first part of 
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Fig 4.13 Coils P and S have a mutual inductance, Same 
alternating current inP or S induces same alternating volt¬ 
age in Ihe other coil 

expenment. Connect the a c voluneter in P and 
note the a.c. voltage induced in it You find that 
this induced voltage is same as was induced in 
coil S m the first part of the experiment. 



Fig, 4 14 A d,c galvanometer with a resistance in series 
with il functions as an a c volltnele with the help of a bridge 
rectifier. 


* A d c galvanometer is connecled lo an a c source, ris 
needle only aboulhe zero-mark. If il is connecled thomgh 
a bridge recufier (Fig 4.14), then dirccUon of curreni in 
galvanometer does not change when the main current 
changes direction Thus the galvanometer registers the 
altcrmating current too _Figure 4.14 shows how by con- 
nectmg an aj^ropnate senes resistance, it can be converted 
into an a c volimeler An a c ammeter can also be similarly 
made. 
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Notes: 1. Basically the change of flux of magne¬ 
tic held through a coil induces an emf in it, 
which in Its turn, causes a current to flow Mag¬ 
nitude of the current is governed by Ohm’s law. 
Thus, if the circuit of the coil is not a closed cir¬ 
cuit, there is no current flow But, electrostatic 
potential difference exists (Fig. 4 15a) between 
the two free ends of the coil in this case, as long 
as the flux through coil S is changing 


2. When a straight conductor cuts across lines 
of force of a magnetic field (Fig. 4.15b), the 
conductor can be considered to be part of an 
incomplete circuit (shown by broken line) The 
flux through this circuit changes due to motion 
of (he conductor. The flux through this circuit 
changes due to motion of the conductor. Thus 
there is no current flow in the circuit, but a 


by the Fleming’s right hand rule, 

4.13 (Demonstration): To demonstrate the 
effect on mutual induction by the intro¬ 
duction of an iron core linking the two 
coils. 

For this experiment you need the coil (of lOOO 
turns) and long straight core of soft iron used 
in expenment 4.9, and shown in Fig. 4 9 You, 
also need the small coil used in experiment 4.5 
(of 40 SWG copper wire, 100 turns, diameter * 
about 5 cm) 

Support the two coils honzontally on the 
table at some distance from each other, Con¬ 
nect the smaller one to a galvanometer and the 
larger one to an accumuxlator, through a tap¬ 
ping key (Fig. 4.16a). When the current is 
passed or stopped in the larger coil, small 
deflecuons are observed in the galvanometer, 
indicating small induced emf s in the smaller 
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Fig. 4.15 (a, b, c) 
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potential difference develops across the ends of 
the conductor. There is a redistribution of elec¬ 
trons in It, identical to that which occurs by the 
vicinity of a charged rod (Fig. 4.15c) Direction 
of induced emf in the conductor can be deter¬ 
mined either (i) by Lenz’s law considering the 
imaginary incomplete cjrcuit (Fig. 4.15b), or (ii) 


coil, in both cases. 

Now without disturbing the po.sitions of the 
two coils, place the soft iron core such that it 
extends from one coil to the other (Fig. 4 16b). 
Again, observe the deflection in the galvanom¬ 
eter on passing or stopping the current in the 
larger coil. This ume the deflection are much 
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(b) 


I'lfr 4,16 a, bJntroduciwn of an iron core linking the two 
roils enormousl) increases the mutual induction 

larger. The reason is that magneuc lines of force 
lend to concentrate in the iron core. Thus much 
larger flux produced by larger coil passes 
through the smaller one, Also the iron core gets 
magnetised by induction and produces some 
extra magneuc flux, which also passes through 
both the coils. 

Next, use the 6 volt a.c source, rheostat and 
a,c. ammeter of experiment 4,12 (b) to pass a 
measured alternating current in the larger coil. 
Then measure the alternating voltage induced 
in the smaller coil (i) without the iron core and 
(ii) with the iron core, using an a.c. voltmeter. 
How do the induced voltages in the two cases 
compare with each other? 

4.14 (Demonstration); (a) To demonstrate 
the principle of transformer by winding pri¬ 
mary and secondary on a steel rod; and (b) 
to demonstrate removal of currents by 
using laminated core. 

(a) The mansforrner is an important application 
of mutual induction. Depending upon the ratio 


of turns in the two coils, a transformer can 
step-down or step-up ac voltage. It can be 
demonstrated as follows. 

Take a soft iron rod of 15 cm length and 1.3 cm 
diameter Wrap thick paper on it Wind a 
coil P of enamelled coper wire (22 SWG or 20 
SWG)wilh 200 turns. Wind another coil S of thick 
enamelled copper wire (18 SWG or 16 SWG)P 
with 50 turns as shown in Fig. 4 17 Both coils 



Klg 4.17 A simple transformer made by winding two 
cods on an I-shaped iron core. 

are wound over same length of the rod, so that 
almost the entire flux produced by current in one 
is linked to the other. Connect the coil P with 
6 V a c. supply (obtained froma stepdown trans¬ 
former), Connect the coil's with an a.c. volt¬ 
meter (O'lOV). Connect an identical a.c, 
voltmeter across coil P also. Switch on the cur¬ 
rent in P and note the voltage and Kj across 
the iwo coils. Find the ratio of V to K. You 

P “ 

find that this ratio is equal to the ratio of the 
number of turns in the coil P to that in the coil 
S, i.e. 



The coil P (on which a.c. voltage is applied) 
is called the primary and coil S (in which a,c 
is induced) the secondary. Since coil is placed 
very close to the coil P (they are not connected 
to each other, rather they are separated by insu- 
I.'ting enamel), the power in the primary is 
transferred into the secondary through mutual 




electromagnetic INDUCITON AND VARYING CURRENTS 


125 


induction. As is clear from the above equation, 
by appropriate choice of the turn ratio, i.e 
obtain a higher voltage or lower voltage in S 
compared to that in P, 

It shold be noted that a steady d.c. voltage 
cannot be stepped up or stepped down by a 
tiansfomier, because a steady d.c. current does 
not produce changing magnetic flux and, there¬ 
fore, cannot produce induced voltage. 

(b) In the above demonstration, connect P to 
6 V a.c. for some time continuously and feel 
the hotness of the core and coil by hand. You 
■will find that the core soon gets hot, while the 
windings of copper wire are comparatively 
cooler. Switch off when it is rather too hot to 
touch, otherwise the enamel coating of copper 
wire may bom out. 

The core gets hot due to eddy currents 
induced in it (resistive heating). Consider the 
cote to be composed of large ijumber of cylin- 
derical shells and consider any one of them (Fig, 
4.18). The changing magnetic flux passing 


through this shell induces current in it, as m 
a coil. Such induced currents are produced in 
every shell of which the core is composed 
_ Now instead of a solid iron rod you take lam¬ 
inated core consisting of thin soft iron wires 
insulated from each other by an enamel coat and 
pressed together. Repeal the above demonstra¬ 
tion using this core. You find that die core made 
of wires does get hot, but much more slowly. 
Insulating enamel amongst the soft iron wires 
reduces eddy currents considerably. as the cur¬ 
rent cannot flow from one wire' to another. 
However, there are some eddy currents within 
each wire too, U may be menuoned here that this 
kind of core also b 'omes useless for higher 
frequencies. 

4.1S (Activity): To.demonstrate the princi¬ 
ple of a dynamo by means of a bicycle light¬ 
ing set. 

The Bicycle lighung set (or bicycle dynamo) con¬ 
sists'of a 4-pole rotor magnet placed between 
the ends of C-shaped laminated core of a coil 
conecled to a bulb (actually in the shape of 4 
C’s put together, Fig, 4 19). One end of the axle 



Ftg. 4.18 Changing magnetic flux within the core produ¬ 
ces induced err^ around any cylinderical shell within the 

a,re Fig, 4,1,9 Working of bicycle dynamo. 
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of rotor magnet is connected to a dnver which is 
brought in contact with one of the wheels of 
' the' bicycle, so as to rotate tlie rotor magnet. 
When the magnet-rotates, the induced emf is 
produced in the coil resulting in the glow of the 
bulb You can easily open up a bicycle dynamo 
and show above mentioned features in it, with 
the help of simple hand tools. It is evident fcom 
F,g 4,19 that in one revolution of tlie' rotor 
magnet, magnetic flux through laminated core 
changes direction 4 times and so does the a.c. 
induced m the coil wound on it. 

An improvised laboratory setup to demon¬ 
strate the principle of a dynamo can be made 
’sily as follows, if you have a condemned fluo¬ 
rescent tube choke. Convert it into a C- 


shaped electromagnet, as described in appen¬ 
dix 10. 

The magnet used as the rotor is made out of 
two commercially available ceramic toy mapets, 
each of dimentions 3.6 cm x 1.2 cm x 0 35 cm 
and having magnetic polarisation along the 
length of the bar. Fig. 4.20(a).Cut the spoke of 
a bicycle wheel and place it between the two 
njagnets to form an axle, 'flie gap between the 
magnets is filled with paiier packmg. The mag¬ 
nets, paper packing and the axle are glued 
together by means of apoxy glue to form a rotor 
as shown in Fig. 4.20(b). It is remagnetised usin 
a powerful electromagnet so that it develops 
widthwise polarity as shown in Fig. 4.20(b). 
However, if laterally magnetised toy magnets 



Fig..4i0 a, b, e, d, e. Making an improvistd generator 


^Ref SOMNATH DATTA, "Low Cost Electromagnetic 
Induction Kits out of the Condemned Chokes of a Ruo- 
Rtcent Tube", A brochum published by Regicnal Cdlege 
of Education, Mysorc-570006, (1986) 


are available then it is not necessary to remag- 
netise them. 

Clamp the coil on a wooden block. Mount the 
motor on two thin aluminium plates screwed 
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lOOW 


(d) 



Fig, 4J0 (d, e) 


on to the sides of the wooden block as shown 
in Fig. 4.20(c) so that it can be rotated between 
the gap of the core A small pulley is attachedto 
the axle which is coupled to a wooden wheel 
of about 15 cm diameter by means of a thread. 
The two ends of the coil wound on the elec¬ 
tromagnet are connected to an LED. The whole 
arrangement is shown in Fig. 4.20(d) 

By rotating the wooden wheel, the rotar is 
roated which results in the production of 
induced emf in the coil and glowing the LED. 
The higher is the speed of rotation, the larger is 
the intensity of glow. Instead of one LED, two 
or three LED’s can be used in series 
The same device can function as a c. motor 


as well Connect the electromagnet to 220V, 
50Hz mains through a lOOW bulb, so that volt¬ 
age across its terminals is only 60V (Fig 4 20e). 
Rotate the wooden wheel by hand and leave. 
If the rotor has picked up a speed of 50 rev- 
olubons per second, it will continue rotating due 
to forces applied on it by the electromagnet 

4.16 (Demonstration) To demonstrate the 
production of a large induced emf by an 
induction coil. 

Defnonstrate the working of an induction coil. 
With the help of a 6 volt lead accumulator, it 
can produce such a high voltage as causes a 
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spark to jump across an air gap of 4 cm or 
5 cm. The apparatus must be used with caution 
and if this voltage happens to be applied to any 
one’s body, substantial damage can be caused 
to the body. 

Following essential features may be demon¬ 
strated and explanied, which helpin producing 
a high induced emf 

(i) The secondary coil consists of a large 
number of turns of a thin wire Since all the 
turns can be considered to be connected m 
series, the emf induced in each turn adds up to 
makeahigh induced emf. For this very reason 
the secondary coil S is divided into sections, 
Fig. 4.21 shows a sectional view of the secon- 



Fig, 421. The inside of an induction coil 

dary coil with five sections separated from each 
othei by rings of insulating material. Whereas 
the turns of wire within one sections are in series, 
the various sections are also connected in senes. 
Thus the section 8 and section 1, between which 
there is a large potenual difference, are far apart 
and there is no risk of short cucuiting within 
the coil. 

(ii) Pnmary coil consists of a few turns of 


a thick wire which can draw a large current. In 
the core too, there are a large number of straight 
thin iron rods, coated with insulated enamel. 
Thus a large magnetic flux created by pri¬ 
mary is linked with secondary coil. 

(iii) Pnmary coil is connected to the accu¬ 
mulator through a buzzer i.e. aft elastic stnp 
with an iron hammer at its free end. As the pn¬ 
mary coil current increses beyond a certain 
value, iron core attracts the hammer and the cur¬ 
rent drops to zero. Thereafter, force of attrac¬ 
tion by the iron core ceases, hammer goes back 
to onginal position, makes bonlact with metal 
block and again the primary current builds up. 
Frequncy of the buzzer is quite high and thus 
primary current stops and stars may times each 
second. Thus rapid changes in maneUc flux are 
caused and a high induced emf is produced in 
the secondary coil 

TOPIC V. BEHAVIOUR OF AN R-C CIRCUIT 
WHEN ADC VOLTAGE IS APPLIED 

4.17 (Demonstrtion); To demonstrate that 
the charging or discharging of a capacitor 
is not instantaneous but takes time, using a 
measuring electroscope. 

Take a capacictor Of 2iiF (*100 V raung) and 
a resistor of 5 M £2, Connect them with a 300 
volt d.c. voltage source and a sensitive measur¬ 
ing electroscope, as sho m in Fig 4 22 Close 



Fig. 4.22 Electrical circuit to demonstrate that charging 
or discharging of a capacitor is not instantaneous 
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the two-way switch m position, 1 The capac¬ 
itor will be charged to the voltage K(which is 
3000V). However, the pointer of electroscope 
does not reach the maximum deflecion instan¬ 
taneously. It takes almost 30 seconds to reach 
near the defiction, which represents the poten¬ 
tial difference of 300 volt. 

Next, close the two-way switch in posidon 
2. The capacitor is now discharged through the 
5 M£2 resistor. Agam, observe that the pointer 
of electroscope does not reach zero deflection 
instantaneously It again takes almost 30 
seconds to reach near the zero deflection posi¬ 
tion. 

Note: If you have a very high resistance of 500 
Gfl, you can use it to demonstrate that a smple 
spherical conductor of 20 cm diameter on insu¬ 
lated stand also takes time to be charged by the 
300 volt d.c. source. Use the same circuit as 
shown in Fig. 4.22 replacing the condenser by 
the conductor, with its stand placed on a metal 
sheet. This metal sheet serves as the earth con¬ 
nection on which is also placed the electro¬ 
scope. Surface of the stand of the spherical 
conductor and of insulation on the electroscope 
must be quite clean, lest their surface leakage 
resistance may be of same order or less than 
500 on. 

4.18 (Experiment): To study how the p.d. 
across a capacitor varies with time during 
charging and discharging of the capacitor. 

Apparatus'. An electrolytic capacitor of 220 £2 


carbon resistor, a d c. power supply (0 to 24V) 
a voltmeter (0-25V), two way switch, and a 
timer (metronome) The voltmeter should be a 
multimeter of at least 20,000Q/V sensitivity, set 
at 0-25 or 0-30V range. 

Theory. If a capacitor of capacitance C is 
connected to a d.c. voltage through a resis- 
fance R^ voltage V across the capacitor at time 
I is. V = Vq (1-e"*^ Again if the capacitor 
charged to voltage Fp, is discharged voltage, 
y, 'across it at time t is 
F=FpU ‘*'‘^Thus in case of charging the differ¬ 
ence Vq-V decreases exponentially reducing by 
a factor of 2.72 in a time interval equal RC. 
During discharging the voltage V itself behaves 
similarly The time interval RC is known as the 
time constant of th circuit. 

Method'. Connect the cucuit as shown in Fig. 
4.23(a) with and C=2200 pF. To 
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Fig. 4.23 a, b, c 


avoid unwanted discharge through the volune- 
ter, use highe^ voltages (20 to 24V) so that 
voltmeter has high resistance (more than 


time t (s) Voltage during charging, V (volt) Voltage during discharging, V (Volt) 

1 2 3 Mean 1 2 3 Mean 


5 

to 
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400Kfl. Also use such a two-way switch ui which 
'the connectii^rod jumps from position 1 to 2 or 
'back very .fast. The common stir case switch 
will' serve, yiell. 

■Adjust flie metronome to give ‘tick’ sound 
(or beat) every 5 seconds. Bnng switch to pos¬ 
tion 1 and switch on the metronome simultane¬ 
ously. Note the value of V in the voltmeter at 
every ‘tick’ till you get a steady value of V 
Record the readings as descnbed m the table 
given under 'observations''. 

Now bnng 2-way switch to position 2 and 
switch on the metronome simultaneously. Note 
the value of V every ‘tick’ sail V is nearly zero. 
Record the observations in tlie above tabic Both 
the sets of observations are reproducible. There¬ 
fore, you can bring the switch alternately to posi¬ 
tion 1 & 2 several times, note each set of 
observations ihnce and find the mean value of 
voltage at each value of time. 

Plot two graphs between V and t, ''.^fb) 
and Fig 4.23(c0, for charging and disc ''2 

V 



of the capacitor. The graphs show exponentia' 
rise and fall of the voltages. 

Find from graph of Fig. 4.3(b) the time inter¬ 
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val in which value o4 (V'o-VO reduces by a 
factor of 2,72 ■,Similarly, froin graph of Fig 
4.23'(c), find tlic time internal m which tlie value 
■of V reduces by a factor of 2.72' Ar&.these two 
time constants same within experimental error? 

Calculate the time constant by multiplying 
the values of R and C mentioned by the man¬ 
ufacturers and compare the measured value of 
time constant with die calculated one 

Observations: 

Capacitance of condenser, C =_jaF 

Resistance in senes, R =_ohm 

Voltage applietl, F,, =_volt. 

Time constant, RC (using quotetl values of R 
&C) = 

Time constant from graph of cnarging = 
Time constant from graph of discharging = 
Note’ If the resistance of voltmeter is compar¬ 
able to resistance R, then measured value of 
ume constant during charging may be too large 
and dunng discharging may be too small Why? 

4.19 (Experiment): To study how the d.c. 
current in an R-C circuit varies with time 
during charging and discharging of the 
capacitor. 

Apparatus' An clecbolytic capacitor of 200 
(30 volt rating), a 10 KQ resistor, a d.c. power 
supply milliammeiei of range 2.5 mA on either 
side, a two way switch and a metronome 
Theory Consider llic circuit given in 
Fig. 4.24(a) When the 2-way switch is in posi¬ 
tion 1, the current / following through the R-C 
cncuit during clirnging is 

/ = /qC-'/*'- 

Where Io=VqQ 

where 1„=VJR. The current flowing through 
the circuit during discharging (switch in posi¬ 
tion 2) IS given as 

Method'. Connect the circuit given in Fig 
4 24(a) witliT? & C same as above. Metronome 
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given'imdei observations-.: oJ. ' 
Now'bnng'thc 2-\VayiSMKh'.ny position 2 and 
switch on'the nictrcinoWid sitaiflianeously/Nole 
the value of I at every ‘tibk’', till it is! almost 
zero; Hiecord these'obscrVation’too in the table 
of observations, Repeiat charging as well as dis¬ 
charging, note each set of observations ihnce 
and find the mean valueiof current, 

Plot a graph between I and'ifor charging and 
discharging as shown in Fig. 4 24(b) The graph 
shows the expeni'al fall of the current 
From each graph find the time interval jp 
which the curent reduces by a factor of 2,72. 
Arc the two time constants same, within exper¬ 
imental error ? Compare the measured value of 
time constant with the calculated one 

Observations: 

Capaciiance of condenser, C = _______ 

Resistance in series, R, =_ 

Time constantfiC (using quoted values of R & 
C) = 

Time'constant from graph of charging = 
Time constant from graph of discharging = 

TOPIC VI' behaviour of an lr circuit when 
F ig. 4.24 a, I). ADC VOLTAGE IS APPUED 

IS adjusted to give ‘tick’ sound every 5 seconds. 4.20 (Demonstration): Demonstrate that the 
Bring 2-way switch to position 1, and switch current through an inductor does not reach 
bn the metronome simultaneously. Note the the steady value instantaneously when a d.c. 
value of/at every ‘tick’till you get almost zero voltage is applied, but takes some time, 
current. Record the observations in die table Note . This }s an expensive experiment requir- 
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ing Costly choke, which you may have to make 
with the help of a local craftsman (transformer 
maker). 

An mductor can be made havmg a self induc¬ 
tance as big as about 2500 henry, in which resis¬ 
tance of windings of copper wire is as low as 
about 250 ohm. It is much bigger and costlier 
than the common fluorescent tube choke, which 
has a self mductance of about 1 henry. It uses 
a core made of an uen-nicked alloy of very high 
permeabiUty (see table 10 in data section). One 
design for such an inductor is suggested in 
appendix 11. 

Connect the inductor L in senes with a 1.5 
V dry cell through a 2-way switch S (staircase 
switch) and a millammeter (0-10 mA) (Fig. 
4.25). Connecting rod of the 2-way switch 


200 a 



Flf. 4:25 Electrical Circuit to demonslrale Ihni curreni in 
an inductor does not reach Us steady value tastantantously, 

jumps from pole 1 to the pole 2, or vice ver¬ 
sa,very fast In position 2 of the switch the ter¬ 
minals of L are short-circuited while a small 
current of 7.5 mA drains from the ceU through 
the 200 ohm resistor. In position 1 of the switch, 
the e.m.f. of 1.5 V is applied to the inductor, 
L and the 200 ohm resistor is short-circuited. 

Set a metronome to give ticks at intervals of 
1 seconds. At a beat of the metronome, turn the 
switch to position 1, thus applying the 1.5 volt 


emf to the inductor. You observe that it takes 
quite some fame for current to reach the steady 
value, which is about 6mA. Keep counting the 
beats and thus find out the time in which the 
needle,of ammeter reaches close enough to its 
fmal position. 

Next turn the switch to position 2, thus short 
circuiting the mductor, L at a beat of the met¬ 
ronome. Again you observe dial it takes quite 
some time for current to fall to zcio-value. Keep 
counting the beats and tlius find out the time 
in which the needle of ammeter reaches close 
enough to zero-position. Is this time same as 
m case of the increasing current? 

Note: One may ask what is the function of 
the 2000 resistor connected at the pole 1 of 
the switch. During the fraction of a second when 
switch is flying from pole 1 to 2, it allows a 
low resistance of cucuit to be mamiained and 
current through tlic inductor L does not change, 
In the absence of this resistance, the current' 
through L, will abruptly come down to zero with 
a spark during tlie flight of the switch from pole 
1 to pole 2, as the circuit would be open. 

4.21 (Experiment): To study how the current 
through an inductor varies with time when 
a d.c. voltage is applied to it or when it is 
reduced to zero. 

Apparatus: An iron cored inductor of large 
inductance and low resistance, an ammeter (0 
to 10 mA) a dry cell, a two way switch, a met¬ 
ronome. 

Procedure: Use the same inductor and same 
circuit as for experiment 4.20 shown in Fig. 
4.25. Set the metronome to give beats at a suit¬ 
able interval (3 or 4 or 5 seconds). At a beat 
of the metronome, turn the 2-way switch to 
position 1, thus applying the 1.5 volt emf to the 
inductor. At each subsequent beat, note and 
speak out current in the circuit and let a col¬ 
league record it. The interval bepveen beats 
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should be sufficieni for you to do this task, but 
small enough to give you 5 or 6 leadings at 
least, untill die needle of aninicler reaches close 

to its final position. , 

Next, turn the 2-way swiioh to po.suion 2, 
thus short circuiing the inductor, at a beat of 
the metronome. At eacli subsequent beat, again 
note and speak out the current and let a col- 
•league record it. Repeat Ixith sets of observa¬ 
tions three of four times and find the mean value 
of current for each value of time. 

Plot a graph between time l and current /, 
taking the latter along Y-axis, for both cases. 

In the first case (cunent rising), find from graph 
the time in which (/„-/) reduces by a factor of 
2,72. This is die time constant of the inductor. 
In the second case (Current falling), find from 
graph the lime in which current / reduces by 
a factor of 2.72. Arc the two Ume constants 
qual within experimental error? 

Time constant from the graph of current rising - 
Time constant from the graph of current deca¬ 
ying = . • 

Note; 1 After passing the current when it 
decays to zero, the core of the inducioi retains 
some of the magnetisation, that it acquires in 
the magnetic field of the current. Thus if ini¬ 


tially the core had no magnetisation, then during 
rising current it has to be fed more energy to 
build up its magnetisation by induction, than it 
gives back dunng current decaying, Thus the 
time constant dunng cunent rising is more than 
that during decaying. However, after once pas¬ 
sing the current, when you pass the current 
second time, the difference ^tween the two 
time constants will be negligible. 

2. Because magnetisation of iron core (mea¬ 
sured by magnetic induction B) is not propor- 
Uonal to magnetic field produced by the current 
in the coil, inductance of the inductor varies sig¬ 
nificantly with cunenL Thus your tune constant 
obtained from the graph may be shghtly dif¬ 
ferent for different current ranges, if your mea¬ 
surements are accurate enough (e.g. for decay 
of current from 4.08 mA lol.S mA and from 
2.04 mA to 0.75 mA, being less for the former 
range). 


TOPIC VH BEHAVIOUR OF INDUCTOR AND 
capacitor on passing an AC. THROUGH 
THEM. 
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4.22 (Experiment):'Toistudy the character- 
istics^of a capacitor when an alternating volt- > 
age is'applied.' . . 

Apparatus: An audio-oscillator (also known as 
signal generator), an a.c. voltmeter, (0-25 V) an 
a.c ammeter (0-25 mA), several paper capac¬ 
itors of different capacitance5(0 lOpF, 0.'20pP, 
... lOOjxF). 

Procedure . In this expcnmenl you are to 
study how the r.m s. current passing through a 
capacitor depends on its capacitance and on 
r.m s voltage and frequency of applied alter¬ 
nating voltage® The experiment is done in 
three parts Firstly, for a given capacitor the fre¬ 
quency is kept constant and its voltage is vaned 
Secondly, for a given capacitor, the voltage is 
kept constant and the frequency is varied 
Thirdly, the frequency and the voltage are kept 
constant and C is varied. 


(a) Voltage-current Relationship for Capacitor 
at Constant f 

Connect the capacitor, say 0,2 p F, through the 



^Vhen an altcmaung cuiraitis passing in a circuit, 
currem" means the root mean square value of the current. 
Since the current in the drciut continuously changes, this 
IS a land of average value which is used to represent the 
magnitude of the current. All a.c. ammeter are so calibrated 
as to directly read the rm.s, value Similar considerations 
apply lo lhe temi "r.m.s voltage." 
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ammeter and a tapping key to the audio-signal 
■generator, Fig, 4.26(a). Select the generator fre¬ 
quency to be 1000 Hz, Start with the lowest 
value of generator voltage, Record the current 
/ in the ammeter A and voltage V across the 
capachor in the voltmeter. 



(■»> 


Fig. 4.26 Study of the characteristics of a capacitor when 
a,c. passes through it, 
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Rdpeat' with successivcl'y highej''voltage and 
record rfie'currcnt for liaclvvalue of voltage. Plot > 
a graph between V (as absicissae) and / (as ordi¬ 
nates), Fig. 4 26 (b). 

If the graph is a straight line passing through 
the ongin, it implies that the current in the cir¬ 
cuit IS directly proportional to the voltage across 
the capacitor, i.c. tliat ohm’s law applies. Thus 
a given capacitor offers a constant opposition 
to passage of alternating current of a given fre¬ 
quency ^ 

Find the slope of the graf^: 

Slope = Change in the current in the circuit 

Change in the voliage across the capamor 

=AB/OB 

This slope gives the inverse of the reactance, 
of the capacitor at 1000 Hz. It is a measure 
of the opposition offered by the capacitor to 
passage of a c. at KXX) Hz. 

The reactance of a capacitor is X, = 1 

2nf^ 

where C is the capacitance of tlie capacitor. 
Using the value of C mentioned on the capac¬ 


itor, calculate and compare, your.tesulf.' ■ 
Note : It is important thai with no'cuirentpas^ 
sing in the circuit, the needles of ammeter and 
voltmeter arc at their zero marks. Check that 
It is so. Tap the instruments lightly to reduce 
friction. If the needles are not at their zero 
marks, bnng them on to the zero marks by the 
adjusting screw provided in each instrument. 

(b) Study of Current-frequency Relation for a 
Capacitor at Constant V 

Adjust the output voltage of the generator say 
20 V and keep it constant. Select a low fre¬ 
quency, say 100 Hz and note I for the capac¬ 
itor of say, O.lpF. Increase the frequency,/ in 
steps of 200 Hz upto 2 kHz. Note the cones- 
ponding values of / and record them in a table. 
Plote a graph between / (as ordinates) and cor¬ 
responding values of/(as abscnssae),Fig. 4.26 

(c) . If the graph is a straight line passing through 
the origin, it means the greater the frequency 
the less is the opposition of passage of current, 
or the reactance, i.e, Xpllf. 

It is possible that as frequency increases the 
output voltage of the generator may change. 
Hence check up the voltmeter reading at each 


Observations: 

Frequency of generator, f = 1000 Hz. 

Current, I 
(ampere) 


Voltage, V 
(Volt) 


Slope of the graph AI = X = 

AV 


:.X 


c 


1 

2?t^ 


Stated value of C = 
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observatioii:, 1^, iicfjd. be, adjust output voltage 
knob (0 ke^p V, constant. 

(c) Study of Current-capacitance Relation for 
Constant V & f: 

Now keep tlie generated voltage constant at 
20V and frequency at 200 Hz throughout the 
experiment. For C=0.10 [jF. Note the current 
/. Increase the value of C by inserting bigger 
capacitors in the circuit and note.I for each C. 
Plot a graph between I (as ordinates) and C (as 
abscrissae) Fig. 4.26 (d). If this graph is a 
straight line passing through the origin, it means 
that greater the capacitance the less is the oppo- 
siuon to passage of current, or reactance,‘ie. 


voltmeter, an a.c. ammeter, several inductot ‘ 
coils of large L (say 0.1!H, 0.2 H, 0.3 H, 0.5 
H, 0.7 H, 1.0 H).A variable inductor may be 
used in which the inductance can be changed 
at will, by adjusting the position of its iron core). 

Procedure: This experiment is also done in 
three parts as m the previous experiment. First, 
for a given inductor, the frequency of the signal 
generator is kept constant and its voltage is 
varied and its effect on current is studied. 
Secondly, for a given inductor, the voltage is 
kept constant and the frequency is varied. 
Thirdly, the frequency and the voltage are kept 
constant and L is varied. 

(a) Current-voltage Relationship for an 
Inductor at Constant f 
Connect the inductor (whose resistance is R 
and Z.=0.2 H, say) through the ammeter and a 
tappig key to signal generator, (Fig. 4.27 a). 


It is possible that as the capacitance and cir¬ 
cuit current increases, the output voltage of the 
generator may decrease. Hence check up the 
voltmete'r reading at each observation. If need 
be, adjust output voltage knob to keep V con¬ 
stant. 

Note. Working without the signal generator. If 
you do not have the signal generator, you can 
sull do parts (a) and (c) of this experiment using 
your a.c. mams. Use a step-down transformer 
which give various voltages in steps in the range 
0-12V or 0-24 V at 50 Hz. At such low fre¬ 
quency, current in the capacitor is small and 
your a c. ammeter has to be of range 0-5 mA 
or 0-1 mA, Use a rheostat m series with amm¬ 
eter for the part (c), in order to adjust the cur¬ 
rent, so that voltmeter reads constant voltage 
for all readings. 

4.23 (Experiment): To study the character¬ 
istics of an R-L circuit driven by an a.c. 
source. 

Apparatus • An audio-signal generator, an a c. 



Fig. 4.27 (a) Study of the characteristics of an inductor when 
a.c. passes through it, 

Select the generator frequency to be lOOOHz. 
Start with the lowest value of signal generator 
voltage, V. Record the current I passing in the 
cmcuit and voltage, V, across the inductor. With 
successively higher voltages applied on L, 
record the current passing in the circuit for each 
voltage. Plot a graph between / (as ordinates) 
and V (as abscissae), (Fig. 4.27b). 
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If the gr^ph is a straight line passing through 
the origin, it implies that the current in the cir¬ 
cuit is directly proportional to the voltage across 
thejnductor, i.e. that the Ohm’s law applies, 

Hie slope of the graph- 


V OB 

This slope gives the inverse of the r^ctance, 
X, of the inductor at 1000 Hz, i.e. X. = 

AB 

The reactance of the inductor is X^^ = 2nfL, 
wheiel is the mductance of the inductor, Thus 
find the values of L using the relation. 



Observations: 

Frequency of generator, f = 1000 Hz 


CurrtM, I 
(ampere) 


Voltage across 
inJuclor, V (Volt) 


X^^ = _ohm 

L =_henry 

Notes: The note about zero positions of need¬ 
les of ammeter and voltmeter explained in pre¬ 
vious experiment is important for this 
experiment too- 

(b) Current-frequency Relationship for an 
Inductor at Constant Voltage. 

Adjust the output voltage of the generator, 
say 20V and keep it constant. Start with a 
medium frequency, say 1000 Hz and note /. 
Increase the frequency in steps of 1000 Hz up 
to 10k Hz. Note corresponding values of / and 
record them in a table. 


It is possible that as frequency increases the 
output voltage of the generator may change 
Hence check up tlie voltmeter reading at each 
observation. If need, be, adjust voltage knob to 
keep V constant 

Plot a graph between / (as ordinates) and cor¬ 
responding values of / (as abscissae), 
(Fig 4.27c). Plot another graph between / and 
l/f(Pig. 4.27b). If/increases with l//and graph 
is straight line passing through origin, it means 
that reactance is proportional to (l(0-‘ i.e.f 

(c) CUrrent-inductance Relationship for Con¬ 
stant V andf^^. 

Now keep the voltage of signal provided by 
the generator constant at 15V (say) and fre¬ 
quency 1000 Hz throughout the experiment. 
Start with the lowest value of L (i,e 0.1H.) 
Note the value of / for each inductor coil con¬ 
nected in turn in the circuit (i.e for each L) 
Record the values of / against corresponding 
values of L in a table. 

Plot a graph between I (as ordinates) and L 
(as abscissae), (Fig 4,27e) Plot another graph 
between / and 1/L (Fig.4 27f). If the graph 
between I and 1/L is a straight line passing 
through the ongin, it means that reactance 
is proportional to (1/L)' i.e L 
Note: 1. Working without the signal generator. 
If a signal generator is not available, you can 
still do parts (a) and (c) of the experiment, using 
your a.c. mains Use a step-down transformer 
which gives various voltages in steps in the 
range 0-12 V or 0-24 V at 50 Hz. At much low 
frequency, current in the inductor is much larger 
and you must choose an a.c, ammeter of approp¬ 
riate range. 

2. In part (c) your voltmeter must read cbn- 
stant voltage for all readings.ln case of signal 
generator, this can be done by adjusting its 
outpilt voltage knob. In case of step-down trans¬ 
former, use a shoestat in senes with ammeter. 
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Fig. 4.27 ( , b, c, d, e) 

3. Note that every coil has some resistance 
of Its (Windings. This resistance has not been 
shown in the circuit. In fact for frequencies 
above 1000 Hz, resistance is small compared 
to reactance and therefore htis not been shown 
in the circuit. 

4.24 (Experiment): To study the character¬ 
istics of a series resonance circuit 

Apparatus: Signal generator with frequency 
scale, high resistance a.c. multi-voltmeter (0 to 
30/75/150V, lOOOO ohmW, a.c, ammeter 
(O-lOOmA), a 1-pF capacitor, an inductor of 
about 30 mH. 



Fig. 4.27 (f) 
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Method. Conned the circuit as shown in Fig. each frequency the current /’ that would flow 
4.28-a A single multimeter is used to measure in the circuit, if the value of V was constant at 



circuit, 

voltages, winch may vary over a wide range 
dunng the expenment The resistor R is the 
series resistor connected in the circuit, 

Ammeter measures the cuirerit, /, passing 
through the resistor, inductor and capacitor in 
series, as the current through voltmeter never 
exceeds 0.1 mA and is negligible. 

Set the signal generator output to a low value, 
say 2 V, when the switch K is open and then 
do not alter this setting throughout the exper¬ 
iment, so that its output I'oltage (under no 
load condition) is same at whatever frequency 
observations are taken. 

Start with a low frequency,/, (say 100 Hz), 
and record values of /, and V^. Keep the value 
of external resistor R connected in senes with 
f and C at zero ohm. Increase the frequency 
in steps through a suitable frequency range, say 
50 to 5000 Hz and note each frequency by the 
scale provided on the signal generator. At a cer¬ 
tain frequency, / the cunent becomes maxi¬ 
mum. This is call^ resonant frequency. Record 
the readings around this frequency, by taking 
smaller steps for increasing the frequency. For 
each frequency, calculate the reactance of the 
LC combination, X = V//. Also calculate for 





Hg. (»>, c, d) 








*' fo study tb what happens at resonance, 
plot graphs for I'v and X against firequency, 
(Fig. 4.28, b & d). 

Observations: Output voltage of generator, 

I'o, _ f=l/(2 

:^LC)= _Hz 


SNo. f. 
(Hz) 



(A) (V) (A) (ohm) 


Resonant frequency from 1' \s f graph 

(Fig. 4.28 b) =_Hz 

Resonant frequency from V \s f graph 

(Fig. 4.28 c) =_Hz 

Resonant frequency from X \s f graph 

(Fig. 4.28 d) =_Hz 

R, the internal resistance of L & C (Minimum 

value ofX) =_ohm 

Quality factor = 2%f^lR^ = _ 

Half point /, =_Hz, = 

-Hz,/j =_Hz 

Notes : Output impedence of generator. It is 
notworthy that as current approaches its max¬ 
imum value, the voltage V measured across and 
approaches a minimum. This situation is sim¬ 
ilar to what happens with any cell which gives 
a lower potential difference when a large cur¬ 
rent is drawn from it. It is due to an output 
impedence of the signal generator which has 
similar role as the internal resistance of the cell. 
You can calculate the output impedance using 
the relation •; 

. Y - Y 

Output impedance = 
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' 2. Phase relation between X^&X^. At fre¬ 
quencies substantially away from resonant fre¬ 
quency, individual voltages and Y^, may be 
larger than the output voltage of the oscillator 
and Y IS quite closely equal to their difference. 
At one or two frequencies you may like to 
check up this fact by actually measunng 
and Y^. Thus it should be clear that a,c. vol¬ 
tages across inductor and capacitor are in phase 
opposition, and consequently inductive and 
capacitative reactances X^ and X^ are opposite 
in character. The a.c. current in emeuit lags 
behind by 90" and Y,, lags behind the a c, 
current by further 90*. Hence, Y^^ and Y^, differ 
by 180* in phase. 

3. Why to experiment with low voltage : As 
we approach resonance frequency f, both Y^ 
and Y^ increase enormously and may cause 
damage to insulation. For this reason it is 
advised to set the signal generator at a rather 
low voltage. Also the capacitor and inductor 
should be rated at 300 V, atleast 

4. Why not keep V constant If you adopt 
a procedure m which at each frequency when 
you measure /, you adjust the output knob of 
signal generator so as to keep Y constant, the 
expenment will be simpler to understand. How¬ 
ever, you may not be able to adopt this pro¬ 
cedure, if your inductor and capacitor are good. 
To keep Y constant you may need such a large 
cuirenl at resonance which your sipal gene¬ 
rator may not be able to give Also, Y^ and Y^ 
may reach such a high value at resonance, 
which may damage tlic inductor or the capac¬ 
itor. 

5. Internal resistance of resonance circuit : 
Resonance occurs when opposite reactances 
X^^ and X^ are equal. If the capacitor and 
inductor are ideal and have no internal resis¬ 
tance, their combined reactance would be zero 
at resonance. Thus current at resonance would 
be infinite, except that it is limited by the output 
impedance of the signal generator. In the 
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inductive coil, the internal resistance is due to 
finite resistance of its winding and hystersis 
losses in its iron core. In the dielectric of the 
capacitor too, there are energy losses. The min¬ 
imum value of X at resonance (when /I is zero) 
represents this internal resistance; 



6. Resonant frequency : A* resonance, = 


X. U, 4 _L 

LC 

oi.fr = __ 

271 NIC 

Calculate/, using this equation, if values L and 
C are known, and compare with your experi¬ 
mental result. 

7. Quality factor: The magnitude of voltage 
drop across L at resonance is I'l “ ® ^ 


t ^ VJR, = Qa Here Co* 2 itffJR, 
= 1 is the quality factor at resonance. 

InfCRt 

It is the ratio of reactance of L (or of C) to the 
value of X, both taken at resonant frequency/,. 
Since Q, is a number greater than 1, the volt¬ 
age drop across C or L would the be greater than 
V^, the voltage drop across the voltage drop 
across L and C combine. Calculate the value 
of Qg, knowing the values of F,, F,, L and C. 

By adding a resistance R in series with the 
resonance circuit, you can effectively increase 
its internal resistance to /? + Fj. Then quality 
factor would be 


2nf;. ^ 1 

R + Ri Itfp {R-^R) 


8. Half points: On the V vs/graph, find two 
frequencies fj and fj where the current has its 
value equal to 70% of the current at resonance. 
These fi?equencies are known as half points, 
because the power consumed in the circuit at 
these frequencies is half the power consumed 
at resonance, subject to condition that constant 


a.c. potential difference is applied to the r^^o- 
nance circuit Find the difference/^ -/; 

9. Working without the signal ge^rator^ ■ If 
a signal generator is not available, the,,series 
rcsonance can still be studied by usmg your a.c 
mains and a step-down transformer. Use the 
variable inductor of experiment 4 23 in series 
with a capacitor of appropriate value, so that 
nesonunce at 5o Hz may tiite place with roughlv 
middi^e valui. of the ^'aiiabie liiductoi. as .« 
frequency is constant, method of Lhi? evpeii 
Hi, desciibed abovo, will also have m ih’ 
altered a liitie. 

(Exercise : 1. Increase the resistance of reso¬ 
nance circuit by adding an external resistance 
R and take observations for I as function of fre¬ 
quency. Repeat the measurements once again 
with a still larger value of F. In each of the three 
sets of observations for / as a function of f 
(including the one with R - 0), convert the 
values of / to If tlie current that would pass 
keeping V-V^. Then convert values of /’ as 
percentages of its value at resonance in that set. 



Fig. 4 M(c) 
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* i ^ / » 

plot these perrehtaTe va!'ic<J of / against 
'iiirie graph. So >oii wiiivesfor thr^' 
v'ilues the quality factor, Q^, and of Q^, as' 
sW^n in 'f^ig! 4.28(e)! Do you find that with 
sniyier Values of 2? (i.e. larger value of quality 
factor, Q) the resonance is sharper 2 Hence, Q 
is also called sharpness of resonance. 

2. Take another capacitor whose capacitance 
C is ndt known. Connect it in sene.s with an 
inductor of known L and measure theirby 
series resonance circuit. Then using the equa- 

\ioti f =, 1 _1__ value of 

2n JLC 

unknown capacitance. In like manner, take 
another inductor whose L is not known. Com¬ 
bine it with a known capacitor in senes and find 
Its inductance. 

4.25 (Elxperiment): To study the character¬ 
istics of a parallel resonance circuit. 

Procedure' Connect the inductor and capaci¬ 
tor in parallel as shown in figure 4.29. The 



Fjlg. 429 Study of the characteristics of a parallel reso 
nance circuit, 


ammeter measures the combined current of L 
and C. Set the signal generator at its highest 
output voltage and measure its value, 
(under no load condition) and do not alter the 


' <■ .' '*--r fhe experiment 
^ . 'i. .requency.say.lboHz.and 

current, /, and voltage V, 
keeping resistance R equal to zero Increase the 
frequency in steps through a suitable frequency 
range, say 50Hz to 5000 Hz and measure I and 
V at each frequency. For each frequency, cal¬ 
culate llie cuirent /’ that would flow if F was 
kept constant al a value ^lot a graph taking 
values of /’ along T-axis and corresponding 
values of/along X-axis. Find the reactance of 
the circuit, X (= V//) for each frequency and 
plot it as a function of frequency 
Then /’ versus/graph is found to ue the exact 
opposite of wJiat is obtained for the series reso¬ 
nance circuit Whereas the current m the series 
circuit exhibited a maximum at the resonance 
frequency, the current in tlie parallel circuit 
passes though a minimum value at the reso¬ 
nance frequency /,. Find this frequency from 
the r vs f graph. For gi cater precision in find¬ 
ing /, crowd the readings around this fre¬ 
quency by taking smaller steps of increasing the 
fequency for various observations. 
Observations : Output vollagctof signal gen¬ 
erator, Fg. =_V 


SAlo yfH/.) /(A) V(volt) /'(A) X(n) 


Resonance frequency by /' vc-iu-i / grnph 
_Hz 


L =_H, C =_F, 

/= 1 1 =_Hz 

271 icr 


Max. Value of X = 


ohm 


Quality factor Q„ = Max value of X 
2 Tt/^L 

Half point /. = _ Hz, / ^ 

_Hz, /,-/ =___ Hz 
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Motes : 1. Resonant ^eg^ncy: To a close 
approximatioii, the reson^ce ftMu^Rcy, f, m'| 
pafallel resonano^i circuit is'given py'the same* 
equation as that lor a series resonance circu|tj 
namely 

y>J_X 

271 LC 

the same inductor and capacitor in this 
experiment as were used m the senes resonance 
expenment. Thus check up if you get same 
resonance frequency in both experiments. Also ■ 
test the above relationship by inserting the 
values for L and C quoted by manufacturer in 
the above equation and companng the calcu¬ 
lated value for/^ with the value obtained from 
the graph. 

2. Quality factor! sharpness of resonance: In 
the series resonant circuit, quality factor was the 
ratio of reactance of L to the value of X, both 
at resonant frequency In parallal resonant cur- 
cuit, because X is maximum at resonance, the 
quality factor is 


to be altered a little 

■JiL - ^ 


'!). .oi' >, i' jut, jurf] 

Exercise . Tak: anr ’^Tt .a.-.viif-wnosecap- 
aci^ncef r i k,:i,' ( .'iiikinlpmallel 


, paiilLv . . 

!■.! measure their 


with anil .1 . N ■!!, a:. 
r^bnance ft^uency,/^ by the pai^'lel reso 
nance circuit.' Then usm^ thq relation:' 

/,= ^ -r-'-.'" 1 


j i.e C = ■ 


27tjLC , , ,47tPT’ 

find the value of the unknown capacitance. In 
like manner take another inductor whose L is 
not known. Combme it with a knoiyn capac¬ 
itor in parallel and find its inductance, 

i. , 

TOPIC VIE L-C oscillations 

4.26. (Demonstration): To demonstrate the 
oscillations in a series L-C circuit. 

Connect an inductor of about 2500 H (see 
appendix 11) and a paper capacitor of 2|iF (750 
volt rating) in senes and then to a DC power 
supply of 300 V through a two-way key, K 
(Fig,4.30). When the lever of is moved to 


j2„ = j_ Max. Value of X _ 

Reactance of inductor at resonance 
= Max, value of X 
2n fJL 

Thus calculate die value of Q. 

3. Half points: Find the half points i.e. the 
frequencies f and/j, where /’ is 2/’ min, with 
the help of /’ vs/graph. Then find the differ¬ 
ence 

4. Working without the signal generator: If 
a signal generator is not available, the parallel 
resonance can still be studie by using your a.c. 
mains and a step-down transformer. Use the 
variable inductor of experiment 4.23 alongwith 
a capacitor of appropriate value, so that reso¬ 
nance at 50Hz may take place with roughly 
middle value of the variable inductor. As the 
frequency is constant, the method of doing this 
experiment as described above, will also have 



f ■' 

Fig. 430 EUcIncal ctreu: for demonslraling senes LC 
osciUaiwns, , 

/ 
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position 1, power supply is connected in the cir¬ 
cuit and the capacitor is charged. When the 
lever is moved to position 2, power supply is 
not in the circuit and the capacitor is discharged. 
A resistance of 50 shunted by plmg key 
can be brought in the circuit whenever 
desired, by openings the key Kj 

Terminals of the capacitor are connected to 
a neon indicator lamp, N through a 5 MQ resis¬ 
tor. Whenever the capacitor is charged to a volt¬ 
age above about 150 volt, the lamp mdicates 
it by a glow, because a current passes through 
it. The resistance of 5 Mic in senes with it 
ensure that only a weak current passes in the 
lainp, with does not cause significant damping 
of electrical oscillauons in the inductor and 
capacitor in series. 

Let the key be closed initially so that 
is zero. When you move the key K,, an oscil¬ 
lating potential difference develops across the 
capacitor, its frequency,/, is; 

y-l- 1 =2 25 Hz 

' WJT 2x3.14 2500x2xl0« 

The graph in figure 4.31 (a) shows how the 



potential differences across the capacitor 
changes. It does not simply rise to value Vo, 
the voltage of the power supply. It reaches up 
to about 2 V„ initially and oscillates up and 


down. Ultimately the oscillations die out and 
it becomes equal to V„, The oscillations are 
indicated by the flicker of neon lamp in the 
beginning As the oscillations die out, the flicker 
of the neon lamp also dies out and it glows with 
a constant brightness 

When you move the key Kj to position 2, 
the potential difference across the capacitor 
does not simply come down to zero values It 
reaches {-N) initially and oscillates up and 
down for some Ume, as shown in the graph in 
Fig.4.31b. The oscillations are again, indicated 



by the flicker of the neon lamp Gradually the 
oscillations die out and the neon lamp also goes 
dark. 

Next, let the key be open so that the 
resistance H of about 50 kfl is m the circuit, 
Repeat the above procedure. This time you Find 
that when Kj is brought to posiUon 1, neon 
lamp starts glowing without flicker, as thep.d, 
across thfe capacitor quickly rises to with¬ 
out oscillations, as shown m Fig. 4.32 (a). When 
key K, is brought to position 2, neon lamp 
goes dark without flicker, as the p.d. across the 
condensor quickly comes down to zero with¬ 
out oscillations, as shown in Fig.4.32 (b). 

Why oscillations occur, is easier to explain 
in the case when capacitor is discharged. As the 
capacitor discharges, current flowing through 
L develops energy of magnetic field in iL Thus 
the energy of capacitor is iransfered to the 



ELECTROMAGNETC E^DUCTION AM) VARYING CURRENTS 


145 


4.27 (Demonstration); To demonstrate the 
oscillations in a parallel L-C circuit. 



Fig. 4.32 (a, b) 

inductor. After the p.d. across capacitor 
becomes zero, the inductor continues the floy/ 
of current by induced e.m.f., till the capacitor 
is charged to approximately same p.d. m oppo¬ 
site direction. Thus energy of magnetic field is 
transfered to capacitor, except foria small part 
of it converting into heat (the circuit has some 
resistance, though small). Thus mutual energy 
transfer continues until entire energy initially 
stored in the cpacitor is converted into heat, due 
to finite resistance of the circuit The greater 
the circuit resistance, the more quickly oscil¬ 
lations die out. When the circuit resistance is 
more than a certain value, called critical damp¬ 
ing resistance, no oscillations take place in die 
circuit 


Fig. A33 Electrical circuit for demonstrating parallel L C 
oscillations 

it to battery B through a tapping key k, and a 
resistance box R Connect the two terminals of 
the capacitor to a neon indicator lamp, N, 
through a 5 MQ resistor. 

With ttie key K closed, let a steady current 
of roughly 6 mA pass in the inductor. Thus if 
e.m.f. of the battery is 6V, you keep R = 750 
ohm and resistance of the copper windings of 
the inductor is 250 ohm. There is a small poten¬ 
tial difference Vq across the plates of the 
capacitor too, which is equal to resistive poten¬ 
tial drop across the coil of the inductor. 

Now, when you open the key K, the nwn 
lamp flickers for some time and then goes dai^c. 
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It shows that oscillating voltage had developed 
across the capacitor. These elcctncal oscillations 
are set ,up by the energy stored in the magnetic 
field of,ihe inductor Graph shown in figure 4.34 



Fig 4M a 

(a) shows how the pd across the capacitor 
vanes with time 

Energy stored in the inductor initially, can 
be increased by increasing the initial current in 
It For example, keep R = 350 ohm, so that the 
circuit resistance is 600 ohm and current is 10 
mA This time, as you open the key K, the neon 
lamp flickers with much brighter glow. Due to 
greater energy stored in the inductor, the first 
peak voltage of the capacitor in this case is 
larger than that, in the former case, as shown 
in the graph in Fig.4.34(b), This time too, as 



the oscillations die out, the neon lamp goes 
dark, because the final p.d. across the capaci¬ 
tor IS zero 

With the values of circuit components equal 
to those given in figure 4 33, do not try to 
demonstrate this expenment with initial current 
in the inductor more than 20 mA. With larger 
imtial current, the first peak of voltage devel¬ 
oped across the capacitor may be so large that 
it may damage the insulation in the capacitor 
or the inductor. 

4.28 (Demonstration): To demonstrate that 
a large e.m.f. is induced when direct current 
is switched off in an inductive circuit. 

The back e.m f in an inductive coil cannot 
exceed the e m.f of the battery when the cur¬ 
rent IS switched on, because the resultant of the 
two must pass (conventional) current from pos¬ 
itive terminal, However, when d c. is switched 
off, the situation is different. 

Make circuit as shown in figure 4.35. N is 



^— 12322 ^ 

L 



Fig. 4 J5 When current in the circuit u stopped then oniy 
the neon bulb N flashes, 

a neon lamp fitted into holder with terminals. 
B is a dry cell battery of 3 V or a lead accu¬ 
mulator of 2 V. The coil L has a lage number 
of turns. Close the key K and observe that the 
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neon lamp does not light up. It so happens 
because the striking' voluig'e for heon lamp 
(about 150 V) is considerably laiger llian the 
modest 2 to 3 volt which battery B is capable 
of supplying. 

Now open the key K The lamp is seen to 
flash, indicating that in the inductance L a large 
induced e.m.f. has been generated tending to 
maintain the flow of curent through the coil 
after the source of c m.f. has been switched off. 

According to Faraday’s law, this large 
induced e.m.f, is generated due to the fact that 
\yhen key is opened, current through B instantly 
stops. Thus rate of decrease of magneuc flux 
in the coil is very large and a large e m.f is 
induced, which passes a pulse of elecpic cur¬ 
rent in the lamp. 

Note 1. Energy in a magneuc field. A ques¬ 
tion may be asked here that when the source 
of e.m.f. (i.e. the battery B) has been cut off, 
where does the energy which flashes the neon 
bulb come from. It comes from the magnetic 
field associated with the cod L with current pas¬ 
sing through It. Thus this expenment also 
vividly demonstaies that a magnetic field con¬ 
tains energy. 

2. Definition of self-inductance ■ The phem- 
enon of induced e.m.f. existing in the same coil 
in which the changirig.currcnt passes is called 
self-mductance Mathematically the self- 
inductance (L) of a cod is defined by the equa¬ 
tion 



dt 

Where E is the induced e,m f., and ^ is the 

dt 

is the rate of change of currenl_passing 

dt 

through the coil. Negative sign in the above 
equation only indicates that the direction of 
induced e.m.f. is opposite to the change in cur¬ 
rent and tends to maintain the cunent constant. 


3. Mechanical analogy for self-inductance. 
The above equation is quite similar to the fol¬ 
lowing equaUon in mechanics'. Force exerted by 
a moving object on an external agency due to 
its inertia = -m_^, where m is mass and ^ 
dt dt 

is rale of change of velocity i c. acceleration of 
the body Here too the negative sign only indi¬ 
cates that flic direction of foice is opposite to 
the change in velocity and tries to mainiain the 
velocity constant Thus the role of L is an elec¬ 
trical system is similai to that oi mass iii a 
mechanical system For example, .switching on 
a d.c. current in the coil is analogous to accel¬ 
erating a hammer. Therefore, swiidiing off tins 
dc current is analogous to flic hmiimer sink¬ 
ing a nail when its mouon is imsianily stopped 
and It applies a large force on the nail 

4.29 (Activity); Identification of the circuit 
elements (L, C and R concealed in a box 
(.star-connections). 

LCmAR are connected as shown in Fig 4 36a 




M8 



Fig. 4 J6(h) 

with one terminal common. These elements so 
connected are placed in a box to which four 
terminals are provided (Fig 4 36b). Each ter¬ 
minal is connected to one end of an element 
with one of them common to all. Without open¬ 
ing the box the elements have to be identified. 
Take a battery and an ammeter and join them 
in series so that the two ends of series com¬ 
bination can be used as probes. 

Hint ■ (a) When the circuit is completed through 
R only, the deflecuon in the millimeter is min¬ 
imum. 

(b) When the cmcuit is completed through L 
only, the deflection is maximum. 

(c) Whenever C is in the circuit, no deflec¬ 
tion is obtained. 

. Now note the deflection as descnbed in the 
following table. 
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Conclusion: 


1. Whenever 4 is connected, there is 
no deflection. Hence terminal 4 is one end 
ofC. 

2. 1-3 gives mmimum deflection, 2-3 gives 
maximum deflection and 4-3 gives no deflec¬ 
tion Therefore, terminal 3 is a common ter¬ 
minal 

3. C is between 3 and 4, R is between 1 and 
3 and L is between 3 and 2 


4.30 (Activity): Make your own a.c. genera¬ 
tor. 

There are many designs of a.c. generator that 
you can make. Look up books on electncity 
projects or scientific hobbies in your school 
library and you will be able to locate a few 
designs Select the one you feel more interested 
in and make it. One design of such a generator 
has already been elaborated in Fig 4.19 and 
4.20. 

The key to generating a good strong current 
IS (i) strong magnets, (ii) large number of turns 
of the coil in which induced e.m.f. is produced 
and (ill) higher speed of rotation. 


Terminals Current Inference 

Connected response 


1-2 

imnimum deflection 

R may be there 

1-3 

small deflection 

R may be there 

1-4 

No deflecuon 

C is there 

2-3 

1 Maximum deflecuon 

L is there 

2-4 

Np deflecuoii 

C is there 


No deflection . 

C is there 
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Fig. 437 


4(Activity) Make your own transformer. 
Purchase enamelled "transformer strips" of 
identical size made of soft iron available in an 
electrical market. Each strip shall have a hole 
at least at one end. Arrange four strips to make 
a square as shown in figure 4.37a. Over it lay 
another square of four strips as shown in 
fig.4.37b. The holes in the lower square coin¬ 
cide with those in the upper square. In the centre 
of each strip of lower square put a small drop 
of an adhesive (like araldite), which does not 
harden too quickly, so that stops on same side 
of the two squares later on stick to each other. 


Over the second square lay a third one sim¬ 
ilar to Fig. 4.37a and then a 4th one similar to 
Fig. 4.37b. Continue the process till the pile is 
as thick as the breadth of the strips. Insert a nut 
and bolt in the hole at each corner of the pile 
and thus tie all the stnps together tightly. See 
that outer and inner edges of the strips coin¬ 
cide, before tightening the nuts of the screws. 
Let this assembly of strips harden of 24 hours. 

Now, remove nut-bolts from two holes at the 
ends of any one side (say AB) and pull it out 
with all strips of that side stick together. Make 
a card-board spindle of length slightly less than 
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the internal dimension of the square of strips. 
Core of the spindle is of square crossection and 
should slide easily over the side AD of the 
square. Wind in this spindle a coil of enamelled 
copper wire (at le^t about 1(X)0 turns). Let us 
call it coil P (Fig, 4.37c). Make another iden¬ 
tical spindle and wind another cod S, of 
between 50 to 100 turns on it by a thicker ena¬ 
melled copper wire, say 18 SWG, and reassem¬ 
ble It as shown in Fig. 4,37d. In this assembly 
the magnetic flux created by any current in coil 
P is concentrated in the square shaped iron core. 
Thus any change in current in P induces an 
e m.f. in coil S, which is proportional to number 
of turns in the coil S Connect the two leads 
of coil P, through a switch to 220 V a.c. mams. 
Measure the voltage th develops across the lead 
of coil S by an a.c voltmeter. If n is the 
number of turns in the primary coil, n, the 
number of turns in secondary coil and is 
the mams voltage applied on the primary cod, 
then you may expect a voltage £ in the 
secondary to develop, given by the formula: 

=£ il. 


In your improvised transformer measured 
value of £5 may be some what lower than that 
given by the above formula. It is due to the 
reason that entire flux created by coil P does 
not pass through cod S. If actual voltage in your 
secondary is 90% of that given by above for¬ 
mula, it implies that there is 10 % flux leakage. 

In a good commercially available trans¬ 
former, flux leakage may be as small as 1 % or 
even less. Hence the above relationship between 
£p and £,, may be taken as true for all practi¬ 
ce purposes. 


Note: Connect your improvised transformer to 
a.c. mains for short intervals only, lest it over 
heats, because it may have energy losses in it, 
i.e. its efficiency may be low. 


Alternate Method: A transformer with a few 
secondary tappings can be made using the coil 
made for the demonstration experiment 4.15 (D) 
out of a condemned fluorescent tube choke. 
Refering to appendix 10, after you have iden¬ 
tified the burnt coil of the choke, keep the good 
one on it. Replace the burned cod by a new one 
wound by a thick enamelled copper wire, 
makmg about 300 turns around a cardboard 
spindle, which can slip on to the core. Kedp 
provision for three taplngs, each of 100 turns, 
as shown in Fig. 4.38. There is no need to reas- 


lOOW 



Fig. 438 

semble the two J-shaped portions of the core 
in C-shape; keep them as they were originally 
fitted. The voltage is tapped from a.c. mains and 
applied across the primary through a 100 W 
incandescent lamp in series so as to drop the 
voltage from 220 V to about 60 Y. Open cir¬ 
cuit voltage Y 3 , and are measured 
across AB, AC. & AD respectively by using 
an a.c. voltmeter. It will be found that Fj, = 
3Y3, Y, = 2Y3. 

The secondary coil S is removed along witli 
half (J-shaped) core. The terminals A and D are 


Reference • Somnath Dull, a Low Cost Ekctromagnttic 
induction Kits out of Condemned chokes of a fluorescent 
Tube, Regional college of Educalion, Mysore - 570006 
(1986) 
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TOPIC 1 ■ RECTILINEAR PROPAGATION OF LIGHT 

5.1 (Activit}'); Shadow formation 

Make shadow of an object on a screen. Use an 
automobile lamp with a short filament (6V, 
24W) as source of light, you can consider it like 
a point source of hght. Observe that the shadow 
is of same shape as the object Measure /, the 
height of shadow, 0, the height of object, u, the 
distance of object from light source, and v, the 
distance of shadow from hght source and check 
up that J_^ = _v_- This result proves that light 
0 u 

travels in straight lines. 

5.2 (Experiment): To study limitations to rec¬ 
tilinear propogation of light on passing 
through a narrow gap. 

Apparatus' A fine slit of uniform width equal 
to thickness of a blade (appendix 12), laser or 
line source of llight (6V, 24W automobile 
lamp), while 30 cm scale, screw gauge/travel¬ 
ling microscope. 

Procedure If a laser, L is available let its 
beam of light pass through slit S (Fig.5.1). 


Because laser beam is a parallel beam of light 
you expect illumination along a line on the 
screen whose width PQ may be equal to width 
of the slit. In fact you observe a much wider 
line. Measure its width, x by the scale keeping 
the screen at a distance d (about 3 m) from the 
slit and measure it too. There are also fainter 
coloured fringes parallel to this line of light but 
leave them. This light is a wave motion of wave 
length X, which is given. Measure width of slit 
fl, either by travelling microscope or by mea- 
sunng thickness of that blade (by screw gauge) 
by which you made the width of the slit. Thus 
compute ‘spread’ of the beam equal to ^ rad- 

d 

ian and check up whether it is also equal to 

a 

Usmg the automobile lamp L, which is a 
short line source of hght, you can do this exper¬ 
iment in a semi-dark room at least 9 m long, 
as most Physics laboratones are. Place the line 
source of light vertically near one wall A of the 
laboratory (Fig 5.2a). Hold a good spectable 
lens C, of diameter 50 mm and power +0.5 D 
(i.e. convex lens of focal length 2 m) in a stand 



Fig. 5.1 
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Fig. 5.2a 


With concave side towards the lamp. Adjust its 
position so as to project an enlarged image of 
filament on a white scale, D fixed horizontally 
m a clamp stand near the opposite wall B Mea¬ 
sure the width PQ of the image of the filament. 

Now cover with paper a part of the lens on 
the side of the screen and observe that it only 
decreases the bnghtness of the image Reason 
is that as the exposed area of lens decreases, 
less of light energy reaches the image. It does 
not affect length and breadth of the projected 
image. Next, insert the slit, S, close to the 
convex lens C, on the image side of the lens 
and parallel to the vertical image (Fig.5.2b). 
Observe that not only the image becomes 
fainter, but also it becomes wider. It has highly 
blurred vertical ^oundanes. It is clear ftom this 
experiment that when light passes through the 
narrow slit, principle of rectilinear propagation 
of light breaks down and it is spread horizon¬ 
tally by the vertical slit. 


This image may be too faint to be seen on 
the white scale due to some general illumina¬ 
tion in the room. Cover the automobile lamp 
with a black cover to minimise the general 
illumination. Light of the lamp should reach the 
lens through a hole in the cover Now, position 
yourself between the scale and wall B. Keep 
the scale markings towards yourself. Look at 
the slit over the edge of the scale. Thus locate 
on the scale, the region in which you can see 
yellowish light of the bulb coming through the 
slit. At boundaries of this region you may fmd 
red light coming from the slit, as the red com¬ 
ponent of light spreads more than other colours 
Thus estimate the <width, x of the region in 
which red hght spreads by the slit. Also mea¬ 
sure the distance d between scale and the slit. 
Then calculate the ‘angular spread’ 6 of the red 
light due to the slit: 

0 = JLlZQ. 

d ■ 



Fig. 5.2b 
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According to wave theory of light, if o is the 
slit width (which is known) then angular spread 
of light due to slit is 0 = ^ 
a 

Using this relation, estimate the wavelength, X,, 
of thej-ed light. 

5.3 (Experiment): To study the resolving 
power of a slit 

Apparatus: Slit of uniform width (appendix 12), 
pattern of thick black lines, sodium lamp or 
table lamp covered with red cellophane. 

Procedure: Make a pattern of 5 mm thick 
black lines 5 mm apart (Fig.5.3). Look at the 



Fig 5J 

pattern illuminated by sodium light or red light. 
If you keep the slit perpendicular to lines, you 
see them sharp. However, if the slit is kept 
parallel to bnes, the edges of the lines becomes 
blurred. 

Keeping die slit parallel to the hnes v?»y your 
distance from the pattern of lines till the lines 
merge into each other and you don’t see them 
separate from each other. Measure this distance 


d. Also measure x the width or separation of 
the lines which are equal to each other. Then 
9, the resolving angle of the slit is g _ 

d 

Since wave theory tells that resolving power of 
a slit IS e = ^ 
a 

Where X is the wavelength of light and a is the 
widtli of slit, you can estimate X if you mea¬ 
sure a, as described in Experiment 5.2. 

TOPIC 2 WAVE NATURE OF LIGHT 

5.4 (Activity); To observe the diffraction pat¬ 
tern of a single slit and the effect of slit width 
on the pattern 

Experiments 5.2 and 5 3 above illustrate that 
when a beam of light passes through a narrow 
region, the property of light to travel in straight 
lines breaks down and the beam spreads This 
phenomenon is called diffraction and is one of 
the evidence in favour of wave nature of hght. 
Pollowing simple activity will help you to 
understand this phenomenon a little more. 

Hold two razor blades side by side (as shown 
in Fig.5.4), with their nearer sharp edges quitd 



close to each other. Observe a glowing clear 
electnc lamp at sufficient distance (at least 10 
m) through the sht between the two sharp edges, 
The lamp spreads into coloured fringes. 
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Observe through different parts of the slit, as 
the two edges are often not parallel to each other 
when held like this. Do you find that less the 
separation of edges, the wider are the fringes'? 

SJ (Experimeint): To estimate wavelength of 
red light/sodium light by Young’s double slit 

Apparatus: Double slit made on a microscope 
slide (appendix 13), a straight-filament lamp 
with ltd filter or sodium lamp in casing with 
narrow slit, metre scale, screw gauge/travelling - 
microscope. 

Procedure: Make the double slit alongwith 
a small window as described in appendix 13. 
Measure their separation, a, either by a U'avel- 
ling microscope or by measuring thickness of 
the blades by which this double slit was made. 

Look through the double slit at the lamp, held 
at a distance of about 1 m. At the same distance 
as the lamp (either above it or below it) place 
the metre scale. You can clearly see the mar¬ 
kings of the scale when you look through the 
window. When you look through the slits, you 
see the bright and dark fringes. 

Observe on the scale, the position of the cen¬ 
tral fringe, four bright fringes to left of it and 
four bright fringes to the right of it. Record 
these 9 observations in the table and calculate 
5 sets of values for 4 fringe widths (5th — 1st, 
6th — 2nd,....). Find the mean value of 4 fringe 
widths and then the width of one fnnge jc. Also 
measure the distande d from slit to the lamp. 

Now path difference for two rays diffracted 
by slits A & B at an angle radian is X and 

d 

thus they re-inforce to give a bright fringe 
(Fig 5.5). If a is the separation of the two sUts 
wavelength is: 

X a 



You may find the wavelength using this rela¬ 
tion. 

Observations 

Distance from sht to the lamp, d = 

Separation of the slits, a =_,_,_, 

mean a - _mm 


Fringe 

Position 

Width of 

Mean 

Width of 


on scale 

4 fringes 

width of 4 

one 

• 



fringes 

i 

fringe, X 


4th left 
3rd left 


4th right 


X = = nm 

d 

Question: If your likely error in observing the 
position of the centre of a bright fringe on the 
scale is roughly 1/lOth of a fringe width, then 
what IS the likely percentage error m (i) any 
single value of width of foiu fnnges, and (li) 
width of one fringe calculated by you ? 

5.6 (Activity); To estimate the vtvivelengifKi at 
the middle of seven spectrum colours a.s seen 
by youT eyes, by using a diffi'aciion grating. 
Mount a small piece of low-cns! diflxaction 
grating G, in a frame and hold i? wnh p.tat- 
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mg lines vertical. Through it look at a line 
source of light S (with its filament parallel to 
lines of the grating) placed at a distance d (about 
0.5 m) from the grating Perpendicular to the 
line joining the lamp and the grating, place a 
metre scale with its 50 cm mark just above or 
below the lamp (Fig. 5.6). 


<1 50 X, 100 



Fig. 5.6 

Observe the first order spectrum of white 
light coming from the lamp. You observe it on 
the nght as well as on the left of the lamp. You 
can also clearly see the mm-marks of the scale 
against both the spectra, through the diffraction 
grating, as the room is well-lit. Note the posi¬ 
tions of mid-points of the seven colours in the 
scale for both the spectra. If jc, and are these 
positions for a certain colour, then 6 the angle 
of diffraction for this colour is 

6 = tan-‘ ^ 

2d 

The wavelength corresponding to this angle of 
diffraction is X = a sin 9, 
where a is the spacing between adjacent lines 
of the grating and is known, 

You can also use a spectrometer for this 
activity if you have it in your school and you 
can learn its use with the help of your teacher. 
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5.7 (Activity): The cloth grating 

Look through a stretched piece of nylon cloth 
H at a distant lamp S, which is almost a point 
source of light due to its large distance (Fig. 
5.7). You see a two-dimensional diffraction pat- 



Flg S7 

tern, with vanous colours. Rotate the piece of 
doth in its own plane, and observe that the pat¬ 
tern rotates with it The two dimensional pat¬ 
tern is due to two sets of threads of the cloth 
perpendicular to each other. Each of the sets of 
threads, acts as diffraction grating. 

5.8 (Demonstration): To demonstrate natural 
and plane polarized light by plastic polar 
sheets and its analogue by a stretched string 

Stretch a string with one end held in your hand 
and the other tied to a fixed point, e.g. the 
door handle, Wave your hand randomly in all 
duections perpendicular to the string Trans¬ 
verse waves are observed to travel along the 
string. Any point of the slrmg moves randomly 
in all directions in a plane perpendicular to the 
string. In hke manner, common sources of light 
emit such hght that at any point m space where 
Its light is coming, the electric vector of the 
electromagnetic waves randomly takes up all 
possible directions in a plane perpendicular to 
light rays (as shown in Fig. 10.9c in the text¬ 
book). 

Next, wave your hand in a specific direction, 
say up and down. Now the waves travelling in 
the string are such that all points along the string 
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vibrate up and down. Motion of the entire string 
is confined to a plane, the vertical plane pas¬ 
sing through iL We say the transverse waves 
in the string are plane polarised 
The waves produced by your hand moving 
randomly in all directions perpendicular to the 
string can also be made plane polarised. Let the 
string pass through a vertical slit in which it can 
move with little friction, Then, only up and 
down component of motion of your hand passes 
through the slit, and waves between the slit and 
the fixed end are plane polarised (Fig. 5.8a). We 


-i t i 

> 

1+1 
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Fig. 5.9(11, b) 



may call this slit a polanser. If another verti¬ 
cal slit IS introduced after the slit X it does not 
affect the plane polansd waves. However, if the 
slit Y is horizontal, the vertical vibrations stop 
at it and no vibrations are transmitted (Fig.5.8b). 
Second slit may be called analyser, because the 
observation that no waves are transmitted 
through it is evidence that waves coming to it 
are polarised with vibrations perpendiclar to this 
• slit. 

Look at a white illuminated sheet, S through 
a plastic Polaroid sheet, P (Fig.5.9a). You sec 
it slightly dimmer because only half of the 
incident light energy is transmitted by the sheet, 
Rotate the plastic sheet in its own plane in this 
manner you change the direction of the axis of 


polansation of the sheet, keeping it perpendic¬ 
ular to mcident light. Observe that illuminance 
of the white surface seen through the sheet is 
not affected by so rotating it. Because the direc¬ 
tion of electnc vector in the light coming from 
the white surface is truely random in a plane 
perpendicular to your Ime of sight, time aver¬ 
age of the component of electnc vector in any 
particular direction (along which you make the 
axis of the polanser sheet), is the same The 
electric vector component perpendicular to axis 
of the polanser is absorbed by it. Since two 
mutually perpendicular components completely 
define a vector in a plane, the incident light 
energy is equally shared between these two 
mutually perpendicular components of the elec¬ 
tric vector. Thus half of incident light energy 
is absorbed by the polariser which was the share 
of electnc vector perpendicular to its axis. 

Introduce another polaroid sheet, A, between 
the first one and your eye. You observe that 
when the axis of this polaroid is parallel to that 
of the first sheet, it transmits all the light. Thus 
the illuminance of the white surface that you 
see through it is not affected by it. However, 
on rotatig this polaroid in its own plane, when 
Its axis is perpendicular to that of the first sheet, 
llte white surface is not visible through it—all 
the light incident on it is absorbed (Fig.5.9b). 
This change in brightness of the white surface 



PHYSICS LABORATORY MANUAL 


■ 58 

that you observe through the various orienta¬ 
tions of I his Polaroid, indicates that light incid¬ 
ent on it IS plane polarised The electric vector 
of this light IS perpendicular to the axis of this 
Polaroid in the orientation when it becomes 
opaque As the second Polaroid enables us to 
analyse the polarisauon of hght passing through 
It, we call it an analyser 

Note These observations using two plastic Pol¬ 
aroid sheets are evidence that light consists of 
transverse waves, because die phenomenon of 
polarisation does not exist in longitudinal 
waves. 

(2) A screen made of fine metal wires parallel 
to each other and with uniform mutual spacing 
of the order of a few' microns, acts as a Pol¬ 
aroid for infra-red radiation. The electric vector 
parallel to the wires produces electric cunents 
in the wires Thus its energy is dissipated in the 
ohmic loses in the wires. Thus the electfic 
vector perpendicular to the wires is transmit¬ 
ted, which is also the direction of the axis of 
this polariser. Such a polariser has been made 
in research laboratories, including the National 
Physical Laboratory, New Delhi. 

(3) Plastic Polaroid sheet consists of tiny micro- 
■scopic needle-like crystals of an organic chem¬ 
ical such as idoquinme sulphate (herapathite) 
embedded in a plastic sheet. While making a 
fKilaroid, such a .sheet is stretched greatly in one 
direction, Thu.s the necdle-like crystals align 
them selves with tlteir longer dimension in the 
direction in which the sheet is stretched. Thus 
it acquires the property of absorbing die com¬ 
ponent of clectiiC vector m this direction. The 
crystals, being slightly conducting, act in 
the same manner as the wire elements of 
the wire screen polaroid mentioned in note (2) 
above. 


5.9 (Demonstration); To demonstrate that 
when a beam of light reflects from a glass 
surface at Brewster angle, it becomes plane 
polarised. 

Take a small glass plate which can be mounted 
on the optical disc to demonstrate reflection at 
a plane surface Its back side is ground and 
painted black, so that is partially reflects light 
from its front smooth surface only. Then this 
plate, M, is mounted m the centre of the opti¬ 
cal disc (Fig.5.10). 



Fig. 5,10 


A beam ol bghi is allowed to fall on this 
‘mirror’ at any angle of incidence. The reflected 
beam is seen passing along a radius of the disc 
due to Its grazing incidence on the disc. Part 
of the reflected beam also escapes over the 
edge of disc, which is examined by an analyser 
A, (aplasuc polaroid sheet). If the analyser can 
stop this beam in any particular onentation, then 
it IS a beam of plane polarised light. 

Try vanous angles of incidence, i, for the 
beam incident on the glass plate. You find that 
for a particular angle of incidence, the reflected 
beam becomes plane polarised with its electric 
vector parallel to axis of rotation of the optical 
disc. This angle of incidence is the Brewster 
angle. 
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S.IO (Demonstration): To demonstrate polar¬ 
isation of light by scattering. 

Take a rectangular glass trough of the shape 
sliown in Fig.5 11 Its front side,A, is inclined 
downwards at an angle between 20" and 30" to 
the vertical. The back C and sides B and D are 
painted black except for two small windows in 
B and D lacing each otlier. A black paper, P 
is placed in front of it so that any stray light 
reflected from front side is reflected downwards 
and IS absorbed by the black paper, 

Fill clear filtered water in the trough and 
Cuver an opaque lid on it Using the beam lamp 
of the opucal disc, focus a beam of light at the 
centre of tlie trough Ihrougli one of the side 
windows You observe the beam through the 
unpained front glass, as water scatters a very 
small fraction of the energy m the beam of light 
Because of efficient anangement in this appar¬ 
atus to provide a black background you can 
observe the beam, though scattering of light by 
water i,s very small. If just one drop of fresh 
milk IS added to water, the scattering increases 
and you see the beam quite bright 
Observe the beam through a plastic polaroid 
sheet. When the axis of the polaroid sheet is 
horizontal you do not see the beam though you 
see all the rest of the apparatus. This shows that 
scattered light reaching the observers in front 
of the unpainted glass of the trough, is plane 
polarised with its electric vector in a vertical 
plane. 


TOPIC 3- PHOTOMETRY 

S.11 (Experiment) To compare the luminous 
intensities of two lamps, say one of 40W and 
the other of lOOW. 

Apparatus: Two electnc lamps of 40W and 
1(X)W of the same company, Bunsen’s grease 
spot photometer, metre scale, multimeter, 4Q 
and 10£i resistors. 

Procedure: Take lamps of 40W and lOOW 
of the same company, because two lamps of 
same voltage and wattage rating made by dif¬ 
ferent companies, may differ considerably in the 
amount of light they give, 

Put one lamp S,, say the lOOW lamp, on 
one side of the photometer P at distance dy 
Put the other lamp on the other side of the 
photometer and adjust its distance, such that 
the greese spot G appears as bright as its sur¬ 
rounding portion R when seen from any of the 
two sides (Fig.5,12), Al this adjustment, illuin- 



Flg, 5,12 

inance produced by the two lamps at the p’n'j 
tometer are equal. You must work in a roi i 
which can be darkened by switching olf cbif r 
lights while this adjustment is done. Measure 
d^, and d^ 

Next put the first lamp at same distance d, 
on the other side of the photometer and second 
lamp on the first side. Again adjust so that 
illuminance produced by the two lamps are 
equal. This value of may differ from the 
first because (i) there may be some stray illum¬ 
inance on the photometer which may not be 
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equal on both the sides since you are not work¬ 
ing in a photographic dark room; (li) there may 
be unequal reflection of light of the lamps under 
investigation by walls of the room on the two 
sides of the photometer. Measure both d^ and 
dj in the adjustment too. Record the four 
observations in the table given here and find 
mean values of and dj. Then 



For eneigising the two lamps make electn- 
cal circuit as shown in figure 5.13, so that a 



Fig. 5.13 


small 10£2 resistor is in series with 40W lamp 
and 4£1 in series with lOOW lamp. Measure 
voltage across each resistor and thus find the 
current, i, and ijiassing m the two lamps. Also 
measure voltages Vj and across the two 
lamps. Thus find the eleictnc power fed into 
each lamp. Ratio of the efficiencies of the two 
lamps is 

h + A = A. JAA’ 


which may now be calculated. 

Observations 

Voltage across lOOW lamp, V, = 

" " 40W .V,= 

Current through lOOW lamp, = 

’’ " 40W lamp, = 




SUo. 

lOOW lamp on leji 

lOOW lamp on nghl 

Mean 

11 


(cm) 

dj(cm) 

(cm) 

<ij(cm) 

dj (cm) 

dj (cm) 
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Mean Value of ii. _ 

Efficiency of IQOW lamp _ V, t, _ 
Efficiency of 40 W lamp. V, ij 
Me'. Generally the lamp of a higher power 
rating tends to be more efficient Working at 
the same voltage, it takes up more current, has 
a thicker filament and operates at a higher tem¬ 
perature. Hence greater portion of its energy 
consumed is converted to visible light and its 
light is also ‘whiter’ 

Exercise'. You have a 6 volt 24 watt lamp and 
another 220 volt 25 watt lamp. Which one you 
expect to be more efficient'^ Check up your 
guess by actual experimentation, using the 
above method. 

TOPIC IV ■ REFRACTION OF UGHT AT PLANE 
SURFACES 

5.12 (E): To study the relation between angle 
of incidence and angle of refraction, using a 
rectangular glass slab. 

Apparatus : Drawing board, drawing paper, 
pins, glass slab, protector, ruler, drawing pins 
and sharp pencil. 

Procedure: Fasten the paper on the drawing 
board by four drawing pins. Place the glass slab 
in the centre of paper and mark its boundary 



Fig s 14 


ABCD (Fig.5.14). Place two pins.Pj and P, 
opposite a longer side of the slab. Look through 
the side BC of die slab and observe the images 
of pins Pj and Pj. Place two more pins P, and 
P^ so that they appear to be m line with the 
images Ij, and Ij of pins P; and Pj. Look from 
the side of pm P^ as well and check up that on 
this side loo the four pins appear to be colli- 
near The four pins represent the path along 
which a ray of light would pass through the slab, 
from P^ to P,, as well as from to P,. 

Remove the pins and mark their positions 
Remove the slab and draw the path of the ray 
of light on the paper. Draw normals on surfa¬ 
ces AD and BC at points where this ray of light 
meets these surfaces Measure both angles of 


Observation 


SM. 

Side AD 

Side BC 

Mean 

Sin 1 

Sin r 


1 

r 

1 

r 

1 

r 


1 -- 



1 

1 


1 

1 





From the graph, slope = 
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incidence and corresponding angles of refrac¬ 
tion. Since both the angles of incidence are 
expected to be equal, find mean i and mean r 
Repeat the experiment with various angles of 
incidence in the range 0’ to 80' and enter the 
observations in the table, (p. 161) 

Draw a graph between i and r taking the 
angle r along the X-axis. Also draw a graph 
between sin i and sin r, taking sin r along X- 
axis. Which of the two graphs is a straight line? 

^Find the slop of straight line graph, which gives 
the refractive index of glass, 

Note- While fixing the pins Pj, P^, Pj and P^ it 
IS inevitable that these will not be accurately 
perpendicular to drawing paper. Thus if their 
feet are collinear, their heads may not be col- 
linear. When you mark of the position of a pin 
on paper, you take the pm hole made by it, 
which is the position of its foot. Hence, while 
observing that the pins are collinear, you must 
ensure that their feet are collinear. 

(2) For large angle of incidence, say about 
70* or 80', It IS likely that images I, and \ 
may show some colours, because refractive 
index ^of glass is greater for voilet colour and 
less for red. If it happens, look through a yellow 
filter to cut off other colours. Then make Pj 
and P^ collinear with yellow images Ij and 1^. 

S.13 (Activity): To study the relation between 
angle of incidence of a ray of light inside glass 
slab and angle of refraction in air and find 
the critical angle. 

Use the same arrangement as in experiment 
5.12 above. Pin P^ is not needed and put pin 
Pj in contact with the glass (Fig.5.14). Still 
better is to make a small rectangle of paper 
whose length is equal to height of the glass slab. 
Draw a line length-wise in its centre with a red 
ball-point pen. Stick this paper on the side AD 
by gum (or temporarily by glycerol) about l/8th 



of the way from A to D (Fig.5 15), so that the 
line L IS verucal. 

For mdentifyjng a ray, AO inside the slab, 
put a wooden block with sharp edges or an alu¬ 
minium angle Q against the face BC of the slab, 
so that Its vertical edge 0 is in contact with BC. 
Fix a pin P such that P,0 and L appear to be 
collinear. Then LOP represents the path along 
which a ray of light would pass from L to P 
Remove the slab. Draw lines LO and OP and 
the normal at 0. Measure angles i and r and 
find sin i and sin r. 

Repeat the experiment for various position 
of point 0 along BC As you take position of 
0 closer t(\,C, positions of pm P come closer 
to line BCE Ultimately you will find a posi¬ 
tion, where the line L can not be seen, as the 
ray LO gets totally reflected inside the slab, 
Mark the position of 0 where the line L just, 
cannot be seen. Angle of incidence at the posi¬ 
tion is the critical angle (strictly speaking for 
red colour). Do you find that sin i is constant 

sin r 

and equals sm What does this constant ratio 
represent? 
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Exercise: Refernng to figure 5.15, you stick the 
paper E by a drop of glycerol. Now you look 
at the line L through the side CD of the slab, 
put the wooden block or aluminium angle Q 
along the side CD of the slab and try positions 
of its edge 0 successively closer to D. Then you 
will find a position of the aluminium angle Q 
in which the hne L is not visible. In that posi¬ 
tion what does, the angle contained between line 
LO and the normal at L represent? 

5.14 (Demonstration): Demonstration of total 
internal reflection by an aircell 


bulb IS not at all seen and the air cell appears 
to be like a mirror. The angle of incidence at 
this stage is the critical angle. 

Note: (1) Standard apparatus is available by 
which this angle can also be measurbd quite 
accurately for any liquid in the beaker. If that 
apparatus is available, this experiment can also 
be performed by students in the laboratory. 

(2) For demonstration to a whole class, let 
a strong beam of hght fall on the au cell instead 
of the torch bulb giving a dim ray of light. 
Receive the ray passing through the S on a 
white screen at 45” to the ray of light. 


Suspend an air cell A made between two glass 
plates PP into a transparent liquid filled in a rec¬ 
tangular glass vessel B (Fig.5.16). Let the cell 



be approximately in the centre of the boundary 
of the vessel. On one side of the vessel is a torch 
bulb L (almost a point source of light) and it 
is viewed through a slit S on the other side of 
the vessel. The ray of light that you see passes 
through the liquid and the air cell. When the 
cell is normal to this ray you see the bulb in 
full brightness. Now slowly rotate the air cell 
by the rod by which it is suspended keeping it 
always vertical, so that normal to the mirror 
makes a gradually increasing angle of inci¬ 
dence, i with the ray of light. Observe that grad¬ 
ually the bulb as seen through slit S becomes 
dim. A stage comes when it appears very dim 
and red. On rotadng the au cell a little more, 


5.15 (Activity): To study the relation between 
real depth and apparent depth of a trans¬ 
parent medium. 


Put a glass slab on a white sheet on which 
a line L is drawn One vertical side S of the slab 
IS adjusted to be perpendicular to this line, i.e. 
coinciding a line drawn on paper perpendicu¬ 
lar to L. Hold a fine sewing needle N in a stand 
touching this vertical side (Fig.5 17). Remove 


/A 



parallax between virtual image of the portion 
line L inside the slab and Up of the needle out¬ 
side the slab. Measure height of the slab, 
which is the real depth of the transparent 
medium. Measure height of the needle above 
the paper, which is the apparent nse of the 
bottom of the transparent medium Difference 
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of the two measurements gives the apprarent 
depth of the transparent medium. Do this 
experiment for all the three dimensions of the 
slab kept vertical turn by turn? Find the ratio 

real depth in each case 
apparent depth 

If a travelling microscope is available and 
you know how to use it, you can make these 
measurements with much precision You can 
also work with any liquid filled in a beaker. 
Bottom may be marked by sticking a piece of 
paper (with a mark on it) at the bottom of the 
beaker, using a transparent adhesive tape to 
cover It. Surface of liquid may be marked by 
dusting a little lycopodium powder on it. Note 
readings of microscope in position a, b and c 
(Fig 5.18) corresponding to bottom of empty 



-b 


5.16 (Experiment): To study the variation of 
angle of deviation of a ray of light passing 
through a prism with angle of incidence and 
find the refractive index of the medium of 
the prism. 

Apparatus- Drawmg board, white paper, pins, 
pnsm. 

Procedure: Fix a sheet of a white paper in the 
drawing board. Mark a line AB. At a point.E. 
on this line draw normal NE and an mcident 
ray DE at any desired angle of incidence i 
(Fig.5.19). Do not keep i less than 30‘, as the 



a 



Pig. 5.18 

beaker, bottom as seen with liquid filled in it 
and surface of liquid. Thus find real depth . 

apparent depth 


Fig. 5.19 

ray may get totally reflected inside the prism. 
By keeping a ruler along the line AB, place the 
prism along the ruler, so that one refracting face 
of the prism accurately coincides with the line 
AB. Refracting edge A of the prism should be 
vertical. 

Fix two pins Pj and Pj on the incident ray 
already marked. Looking into the prism from 
the opposite refracting surface, AC, position 
one eye, by which you aie seeing, such that feet 
of Pj and P^ appear to be one behind the other. 
Now fix pins Pj and P,, in line with.Pj and Pj 
as viewed through the prism. Keep your eye at 
some distance from the pins so that all of them 
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can be seen in clear focus simultaneously, Dis¬ 
tance Pj Pj and Pj P^ should not be less than 
6 cm so that you can locate the directions of 
incident ray DE and emergent ray FG with an 
accuracy of the order of 1* 

Remove the pins. Put a scale along side AC, 
remove the prism and then draw a long line rep¬ 
resenting the refracting surface AC Mark the 
position of the pins. Draw line joining and 
P^. Produce lines Pj Pj and P^ Pj so that they 
intersect at H. Measure the angle of incidence 
i (angle DEN), angle of deviation 5 and angle 
of the prism A. Repeat the experiment for sev¬ 
eral angles of incidence between 30“ and 60“ 
at intervals of about 5“. Enter the results in table 
given below. 

Plot a graph between i and 5 , keeping 8 
along y-axis. From the U-shaped graph, fmd- 
minimum diviation Calculate the refractive 
index of the material of the pnsra using the rela¬ 
tions: 



Observalwns 


SMo Angle of inci- Angle of Angle of the 
dence, i deviation, 6 Pnsm, A 


From the graph, 

Refractive index of glass of the prism= 

Note: In this experiment there is no use of draw¬ 
ing the boijpdary of the prism Common prism 
are quite small, a triangle of about 2.5 cm or 
3 cm sides, With such small lines angle i or A 


cannot be accurately measured. Hence in above 
procedure, we draw a long line for faces AB 
and AC with a ruler and place the pnsm touch¬ 
ing the ruler. 

5.17 (Experiment): To find the refractive 
index of (a) the material of a prism and (b) 
a liquid, by using a hollow prism, for sodium 
light or yellow colour. 

Apparatus: Spectrometer, prism, sodium lamp, 
automobile lamp, a lens to focus the image of 
light source on sbt of the spectrometer, 

The Spectrometer: Following are the mam parts 
of Spectrometer, which are shown in Fig 5.20: 

(i) Collimator C, It consists of a tube with 
an achromatic lens at one end and an 
adjustible slit at the other (Fig 5.20). An 


TT 



image of light source L is focussed on the 
slit. Light entering the slit becomes a 
parallel beam, by the lens. 

(ii) Turn table TT: On the turn table we 
fix the prism (or any optical device under 
study) which produces deviation and dis¬ 
persion in the beam of light coming from 
the collimator. It can rotate about a ver¬ 
tical axis to onent the prism as desired. 

(iii) r'e/escoj?e T: It receives the deviated 
light from the pnsm.'U is provided with 
an eye-piece E fitted with cross-wires W, 

The optical axis of collimator and telescope 
meet on the axis of rotation of the table. The 
telescope is also capable of rotation about the 
same axis 
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In order to adjust the sepectometer, first 
adjust the eye-piece of the telescope until the 
cross-wires can be seen quite clearly and with¬ 
out strain. Next, turn the telescope towards a 
distant object seen through an open window. 
Adjust the focussing screw which alters the 
mutual distance between eye piece and objec¬ 
tive. The adjustment is alright when there is no 
parallax between the image of distant object and 
the cross-wires. The telescope is now focused 
to receive parallel light. Now illuminate the slit 
of the collunator. Turn the telescope into line 
with the collimator and view the slit by light 
which passes through both collimator and tele¬ 
scope. Adjust collimator screw unbl the image 
of the slit IS clearly seen with no parallax 
between it and cross-wires. The colhmalor is 
now adjusted to provide'a parallel beam of light. 

Now fix the pnsm on the turn table The table 
is provided with three levelling screws P, Q and 
R (Fig.5.21). The prism must be so fixed that 



one of the faces AC bounding the refracting 
edge A, is perpendicular to the line joining two 
screws P and Q The table has to be so levelled 
that the edge A is parallel to the axis of the spec¬ 
trometer. 

Rotate the,table TT, such that the refracting 
edge A faces the collimator. Thus half of the 
light from the collimator falls on face Afi and 
half on face AC. Turn the telescope to position 


T, to receive light reflected firom face AC 
Adjust the plane of face AC by screw P or Q 
till centre of the image of slit coincides with 
the centre of the cross-wires. Now turn the tele¬ 
scope to position Tj to receive light reflected 
from face AB. Adjust the screw R (in order to 
adjust the plane of face AB without disturbing 
the plane of face AC) until centre of the image 
of slit again coincides with the centre of the 
cross wires. By bringing telescope m position 
T, check up that the face AC has not been dis¬ 
turbed by adjustment of screw R. If it has been 
disturbed, repeat the process. 

Angle between the positions Tj and Tj of 
the telescope (Fig.5.21) is lA. Observe the read¬ 
ings on the circular scale 6, and 0^ corres¬ 
ponding to these positions. Then angle of the 
prism is: 

2 

To measure the angle of minimum deviation, 
turn the table so that light of collimator falls 
on one refracting face, say AC and emerges 
from the other, deviating towards the right. 
Rotate the telescope so that it receives the 
emergent beam. Adjust onentation of prism by 
rotabng the table so that deviation is minimum 
and then adjust telescope so that image of the 
slit coincides with centre of the cross-wires. 
Note this position of the telescope ()), on the 
circular scale of the spectrometer. Next, let the 
light of collimator fall on refracting face AB 
so that deviation is towards the left. Repeat the 
above process and note the position (j)j of tele¬ 
scope for minimum deviation towards the left. 
Between these two posibons telescope rotates 
through twice the angle of minimum deviation, 
i.e. 2 8„. Thus calculate 5 : 

Knowing the values of A and you can 
now calculate the refractive index of the mater- 
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ial of the prism. 



2 


For the experiment (b), i e. measuring refrac¬ 
tive index of a liquid, replace glass prism by 
a hollow prism full of that liquid on the turn 
table of the spectrometer. Adjust its refracting 
edge parallel to axis of the spectromter. Then 
measure A and 6,^, for this prism by exactly 
same procedure as described above and calcu¬ 
late refractive index of the liquid. 

Note'. 1. In case the slit is illuminated by sodium 
light, which IS almost a monochromatic light 
(i e. entire light energy in the beam is of a single 
wavelength), then in the position of minimum 
deviation, you will observe a single image of 
the slit in the telescope You have to adjust tele¬ 
scope so that It coincides with the centre of 
cross-wires, and there is no ambiguity. 

2. In case the slit is illuminated by light of 
an electnc lamp, then you see a spectrum con¬ 
taining seven colours in the deviated beam. To 
find the refractive index of the matenal of the 
prism for visible light, you should adjust min¬ 
imum deviation psition of the prism for yellow 
colour and measure it by bringing the centre of 
yellow band at the centre of cross-wires. Thus 
you measure refractive index for yellow colour. 

5.18 (Activity): To observe the spectrum of 
white light through a prism and estimate its 
dispersion. 

By using the spectrometer you can use the 
method explained in note(2) of the previous 
experiment above, to find refractive indices for 
blue colour and red colour and then fmd their 
difference. It is not an accurate and clear cut 
measurement, because you see a continuous 


spectrum. Judgement of centre of blue band, for 
example, is only a rough judgement which also 
differs from person to person. Suppose one 
person sets the crosswire of telescope close to 
green in the blue band. Then there may be 
another person who sees the same light rays 
reaching the cross-wires as green telling that 
cross-wire are in green band close to blue Due 
to this "roughness" in this experiment, you may 
adjust the prism m minimum deviation position 
for yellow only. Then measure diviations for 
both, the red and blue colours and calculate 
and n^. Then calculate the dispersive power, 
w 


y («b + 

Without the spectrometer, you may use the 
improvised arrangement described in activity 
5 6 for the diffraction gradng expenraent. In 
place of grating put the prism. Adjust it first 
for minimum deviation to the right and observe 
readings x, and on the metre scale for the 
red and blue bands, (respectively. You cannot 
see the marks of the scale against the spectrum 
through the prism. The best way is to position 
one eye to see the metre scale just above the 
pnsm and the spectrum through the prism coin¬ 
ciding with its lower edge. Repeat the exper¬ 
iment for deviation to the left and observe 
readings and on the scale for red and blue 
bands. Then, if d is the perpendicular distance 
from centre of the prism to the metre scale, 

Min deviation for red, 6^ = tan-' ■ - - 


Min deviation for blue 5^ = tan' 


^ 2-^1 

2d 


The prism used in school laboratories is 
commonly of angle 60’, being an equilateral tri¬ 
angular prism. Thus calculate n^ and assum¬ 
ing A = 60'. 

Note'. You may find that tfre 6 V, 24 W auto- 
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mobile bulb is too bnght and the spectrum seen 
through the prism causes glare, though it was 
alright for the diffraction grating. Hence, it is 
advisible to use a torch bulb to see the spec¬ 
trum through the prism. Another good alterna¬ 
tive IS to fix a new, brightly nickel-plated pin 
and illuminate it by a beam of light. 

TOPIC V • SPHERICAL MIRRORS AND LENSES 

Optical bench- 

An optical bench consists essentially of a long 
horizontal beam (of seasoned wood or metal) 
provided with sliding carnages, called uprights, 
for holding lenses, mirrors, pins, screen, candle 
wire gauze, etc Location of an optical element 
mounted on an upnght is read on a scale 
attached to the bench by a mark made at the 
base of the upright. The optical bench basically 
helps to set up an axis along which are kept the 
important points of the expenmental set up e.g. 
pole of the mirror, optical centre of the lens, 
tip of the object pin, etc. 

Usually the distance between concerned 
points of two elements is not the same as the 
distance between their uprights as read on the 
scale. For example, in Fig.5.22, the readings of 



Fig. 522 


two uprights do not give the actual distance 
between the tip of the pin and the pole of the 
mirror. A correction must, therefore, be applied. 
It is called the index correction. To find this 


correction, a thin straight needle is so. placed 
so that its one end touches the tip of tlie pm 
and the other end touches the pole of the mirror 
The positions of the uprights are read on the 
scale and their difference gives the observed 
distance. Length of the needle is also measured 
by placing it on the scale, which is the actual 
distarice. The difference between the two gives 
the correction to be applied in observed distance 
to obtain the actual distance. 

Following general instructions are important 
to follow in all experiments with optical bench. 

(i) Optical axis of the elements under study 
must be parallel to the bench. The mirrors, 
lenses, pins, screens, aU should be in planes at 
right angles to this axis. The heights of the 
uprights should be so adjusted that the tips of 
the pins, poles of murors, optical centres of 
lenses all be on this axis. 

(ii) In an experiment with a converging 
mirror or lens, a knowledge of its rough foc^ 
length is useful. It can be found by obtaining 
a sharp image of a distant object on a plane wall, 
or sheet of paper, or just on your palm and mea- 
sunng the distance roughtly with a scale A dis¬ 
tant window or tree can serve the purpose well, 

(lu) Use a brightly polished pin as object If 
necessary, illummate it from the side to get a 
reasonably bright image. Putting a white screen 
as background also helps. At times you may 
want to make measurement for hght of a cer¬ 
tain colour, e g. red or blue, etc Then you can 
paint the object pin with that poster colour, or 
put a screen of that colour as background. 

(iv) Sometimes two pms, one for the object 
and other for locating the image may confuse 
a student. Put a small piece of white paper on 
one of them to differentiate one from the other, 

(v) When magnification is large and the 
image is thick, it is helpful to use a thin pin as 
object and a thicker one for locating the imagp 
position. Similarly, when image is very small, 
use a Ihick pin as object and a thin one fbr local- 
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ing the image 

(vi) It IS helpful to first make an approxi¬ 
mate idea of the location of image using a pencil 
held in hand If it is off the axis of the exper¬ 
imental set up, this approximate location helps 
to make necessary adjustments. Then accurately 
locate the image with a pin mounted on an 
upright. 

(vii) An object point,0 and its real image I 
are conjugate points, i.e. any of the two may 
be considered as object and the other is its 
image (Fig.,5.23). Thus, it helps in accurate 



adjustment to check up for no parallax at both 
the points. When we say there is no parallax 
between a pm P. and an image I, we move the 
eye by which we are observing to left and right 
Then both appear to move together relanve to 
the lens/miiror. It implies that positions of both 
are same on the optical bench. If their positions 
are not same then in one position they may 
appear to concide and in another they will 


appear separate (Fig, 5 24 a,b) This method of 
locating the position of an image on the opti¬ 
cal bench by a pin is called method of parallax 

5.19 (Experiment); To find the focal length 
of a concave mirror, (a) by locating the 
centre of curvature (b) by graphical method. 

Apparatus' Optical bench with two mounted 
pms, concave minor and upright for it, index 
needle. 

Procedure' (a) By locating centre of curva¬ 
ture'. Obtain a rough value of its focal length 
by focussing the image of a distant object. 
Twice of this focal length is an approximate 
values of radius of curvature of the minor. Place 
a mounted pm at this distance (radius of cur¬ 
vature) in front of the concave minor. See the 
image of the pin and make adjustments to make 
tip of the image, tip of the object and centre of 
minor to be in a straight line. To achieve this 
It may be necessary to tilt the mirror slightly 
and adjust height of the pin or mirror. 

Adjust position of the pin until it coincides 
with Its real inverted image made by the minor 
(fig.5.25) This is checked by method of paral¬ 
lax. Make final adjusunents as mentioned above 
so that tips of the image and object coincide 



X- 


Fig. S.24 



170 


PHYSICS LABORATORY MANUAL 



accurately. Measure the distance of the pin from 
the pole of the mirror. Repeat three or four 
times, preferably at different places on the opti¬ 
cal bench. This avoids the possibihiy that a 
fore-knowledge of the first position of the pin 
may bias the second and later readings. Take 
the mean of these readings to obtain the radius 
of curvature, f?. Half of this is the focal length,/ 



Fig 5.26 


coincides with the second and image of the 
second pin coincides with the first (Fig. 5.26). 

Measure the distance of each pin from the 
pole of the mirror. Each of these distance is one 
value of object distance, u, and the other distance 
IS corresponding value of image distance, v, 


Observations: Actual length of index needle = 
Observed length of index needle = 
Index correction = 

SNo. Position of Position of Obsintd Mean Contctti 
pin (cm) mirror (cm) P (an) Observed P (cm) 

R (cm) 


(a) By Graphical Method 

Obtain a tiough value of focal length of the 
mirror. Then mount the mirror and two pins in 
front of it On the optical bench keeping the pins 
close to centre of curvature. Distance of one pm 
is less then R and that of other is more than R. 
Make adjustments to make the five points, vis. 
tips of the two pins and their images and pole 
of the mirier, lie in a straight line parallel to 
the optical bench. Adjust positions of the pins, 
using parallax method so that image of one pin 


Move the closer pin a little close to the mirror 
and repeat the experiment. In this manner take 
three or four sets of observahons. 

Plot a graph of values of u against corres¬ 
ponding values of V. Take the values as pos¬ 
itive for plotting the graph though according to 
sign convention « and v are negative in this 
experiment. Since all the values of u and v are 
greater than focal length, you may take the 
origin to represent a value close to rough focal 
length on both the axes and thus choose a larger 
scale for the graph. You get a curve, which 
gives you a clear picture of how u changes with 
V. You get a straight line, if you plot a graph 
of X against X' Diaw the best straight line 

u V 

through the points and produce it to intersect 
both the axes, (Fig.5.27). Each intercept, OA 
on X-axis and OB on Y-axis, give a value for 
1 . 

/ 

Observations: Actual length of index needle = 
Observed length of index needle on pm P,= . 
Observed length of index needle on pin Pj= 
Index correction for pin P,= 

Index correction for pm Pj= 
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SNo 


Position 

of Pi 

(cm) 

1 

Position 

of 

mirror 

(cm) 

1 

Observ¬ 
ed u 
(cm) 

1 

Obser¬ 
ved V 

1 (cm) 

Cor¬ 
rected u 
(cm) 

Corrected 

V 

(cm) 

i 

1 

IT 

1 

1 

V 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 




: 

_cm,-' 


= _ 

cm 

Mean f = 


Note". 1. Do not place the closer pin closer than 
the focal length of the mirror, because it will 
produce a virtual image. It is helpful to mark 
with a chalk on the optical bench approximate 
positions of focus F and centre of curvature C- 
2. Pay special attention to the method of inter¬ 


changing the values of u and v, thereby obtain¬ 
ing two points on the graph from one pair of 
readings. 

S.20 (Experiment); To find the focal length 
of a convex lens by graphical method. 

Apparatus : Optical bench with two mounted 
pins, convex lens and upright for it, index 
needle. 

Procedure: Obtain a rough value for the focal 
length of the lens by focussing the image of a 
distant object on a sheet of paper. 

Place an object pm at a distance from the lens 
equal to 2/ and locate the position of the real 
image on the other side of the lens by the image 
pm, by the method of parallax. Since the image 
and object are interchangeable, as in case of a 
concave mirror (experiment 5.19), check up for 
no parallax at Imth the pinS (Fig.5.28). Mea- 



Fig.S:^8 

sure the distance of the object pin, u, and of the 
image pin v from the lens. 
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Now move the object pm about 2 cm nearer 
the lens and locate the new posiuon of the 
image. Moving the object pin nearer to the lens 
each time, take at least three ox four such pair 
of readings. , ■" 

n I 1 

Not forgetting that the two readmgs of each, 
pair are interchangeable (conjugate points), plot 
a graph of « against v and another graph of 
_1_ against _1_. The'later grafrfi is a straight line. 

V u ' 

Although u IS negative and v is positive in this 
experiment according to the convention of 
signs, take posinve Values of each for plotung 
the graphs. Draw the best straigth line through 
the point plotted for the 1 vs 1 graph and 

U V 

produce it to intersect both axes, (Fig. 5.27) 
Each intercept, OA on X-axis and OB on y-axis, 
gives a valpe for _1_. 

' ' / - ■ ^ ■ 

Observqiions: Same table as that for the exper¬ 
iment 5.19’With concave mirror''' ' 

Note'. 1 As u changes from 2 f to f, v changes, 
from 2 / to infinity. Remembenng that the 
values of 4 and V ate interchangeable, it is clear 
that complete range of values for both u and 

V between / and infinity are obtained for a 
movement of the object pm over the range 
2/to/: 

2. As in case of concave minor, it is usless 
to place the object pin nearer to the lens than 
the focal length, as the image produced would 
be virtual. 

3. If you are using a double convex lens, both 
faces having equal radius of curvature, then 
increase the index concction for both pins P, 
& Pj (Fig.5.28) by half the thickness of the 
lens. Then corrected distances of the pins will 
be obtained from the optical centre, 0, of the 
lens. 


5.21 (Experiment): To determine the radii nf 
curvature of the surfaces of a convex lens 
and thus the refractive index of the mater^ 
ial of the lens. ' 

Apparatus: Spherometer, glass slab, convex lens 
whose focal length / is known. It may be sqme 
lens whose focal length was measured in exper- 
imeint 5.20. 

Procedure'. Find out how far the screw of the 
qihlerometet advances, as measured on the vaf^ 
deal scale V (Fig 5.29), when rotated through 



Fig. 529 


one revolution of the circular scale C. This is 
usually 0.5 mm or 1.0 mm. Thus find the least 
count, i.e. how far the screw advances when 
rotated through one division on the circular 
scale. 

Now place the spherometer on the glass slab. 
Screw down the central leg until its tip touches 
the glass surface. In this position the zeros of 
the two scales should coincide but usually it 
may not. Hence read the circular, scale. Repeat 
the observation three or four times. Recmd all 
the zero readings and find their mean. 

Now screw up the middle-leg, place the 
spheromoter with its three outer legs on one 




' . a I 
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' , ■' ' ■ ' , a; aij, 

curved surface of the lens Then screw down Observations ' , '.a 

ihc middle leg until it just touches the curved. i. i . ‘ \ ‘ / o 

surface and read the two scales Repeat this Zero reading._,_,_Meansi , !. mm'' 

observation three or four times. Record all the Reading of _, __,,_,, Mean = njm 

ridings and find their mean. Difference of this Reading of ^ . Mean - _l^ mm ^ 

leading and zero reading gives the bulge, of hj= ___ mm, h, = __mm, 

the curved surface (or depression in case qf a Reaing of 1: _, _, Mean= ‘' mrh/ 

concave surface). Repeat this experiment for the ::r^ = _mm. ' ' 

otlier curved surface of lens and thus find its and ~ ____ mm. , , 

bulge, h^. , . ., 

Measure the distances between each pair of Notes. 1. In regard to ensuring when the. tip of 
the three outer legs and take the mean, i, of the the central leg just touches the glass surface,, 
three readings. These measurements may be one popular opinion is to observe the gap 
taken either by putting a scale straight across between this tip and its unage formed by reflec- 
the points of the legs, or by measuring the non in the glass surface. When its gap is not 

distances between die mdenlations produced visible, the tip of the central leg is assurafed fp j 

when the instrument is pressed on a piece of touch the glass surface However, on doing sq 
paper. Then calculate radius of curvature of first you may find that the central leg can sdll 
surface R{. advance down by several divisions of the cir¬ 

cular scale. If the least count is say, 005 mm, 
R = ^ ^ then a gap of several least counts will not be 

6 / 2 , 2 visible. Hence a better method is as under. If 

this leg is screwed down too far the instru- 
■= Similarly calculate radius of curvature of ment will ‘wobble’ or ‘rock’, since the 
second surface, Then find n, the refractive outer three legs will.be.lifted up. The conect 
index of the material of the lens using th? rela- adjustment is the point i^ere the spherometer 
tion: will not rock, but will do so if the screw is 

JL - r iwJl. ' turned through another small division of the cir- 

/ ” Rj cular scale 

It may be recalled here that, according to the 

convention of signs, R, is positive and R j is 2. The last movement of the screw before 
negative in case of a double convex lens (Fig. a reading is taken should always be in the direc- 
5,30). tion of downward movement through the nut. 
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This precaution eliminates the back-lash error 

5.22 (Experiment): To determine the focal 
length of a convex mirror using a convex 
lens. 

Apparatus'. Optical bench with two pins, a 
convex lens and a convex mirror with their 
uprights, index needle. 

Procediwe'. Place a mounted pin at a dis¬ 
tance from the convex lens greater than its focal 
length. Locate its real inverted image on the 
other side of the lens by removing parallax 
between the image and second pin P, 
(Fig.5.31). 

Place the convex mirror between pin Pj and 
the lens. Adjust the position of the minor till 
the hght rays reflected back from the mirror 


made, measure the distance between mirror and 
pm Pj, which IS radius of curvature R of the 
minor. The focal length / is then Rjl. 


It is often a good plan to invert the proce¬ 
dure described above and do tlie reflection part 
of the experiment flrsL Then remove the mirror 
after noting its position and adjust the position 
of Pj without disturbing the lens and pin Pj, 
There is then no danger of wasting bme on a 
position of Pj which produces an image whose 
distance from the lens is less than the radius of 
curvature of the mirror. 

Observations'. Actual length of index needle = 
Observed length of index needle between mirror 
and P^ = 


SMo. PostUon of convex Position of image Observed R (cm) Corrected R 

mirror (cm) pin Pj (<tm) 


pass tnfough the lens and form an image coin- Index correction = 
ciding with the pin Pj (Fig. 5.31). This occurs Mean value of corrected R = 
when the rays of light starting from tip of P,, . j'- X R = 

after passing through the lens strike the mirror 2 

normally and are reflected back along their orig¬ 
inal paths. When this adjustment has been 



Fig. SJl 
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5.23 (Experiment): To find the focal length 
of concave lens using a convex lens 

Apparatus: Concave lens and its upright, 
convex lens and its upright, optical bench with 
two mounted pins. 

Procedure: Place a mounted pm Pj at dis¬ 
tance from the convex lens greater tlian its focal 
length. Locate its real inverted image Ij on the 
other side of the lens by removing parallax 
between the image and second pin Pj (Fig. 
5.32 a). Note the position of pin P^ on its 
upright and record it. 



Fig. 5J2 


Next, place the concave lensL in its upright 
between the convex lens and pin Pj (Fig. 5.32 
b). First keep the concave len? fairly near to pin 
Pj. Observe l;hat the inverted, real image has 
shifted further from the convex lens. Bnng the 
concave lens closer to the convex lens until this 
shift is fairly large. Now shift pm Pj and 
locate the image 1^ by it, by removing parallax 
between the two. The convex lens or the pin 
P, must not be disturbed durmg the second 
part of the expenment. Note and record their 
positions. Compute u the distance of image I, 
from the concave lens and v the distance of 
image Ij from the concave lens. Since the 
image acts as virtual object, these distances 
arc related by the lens formula, 

J_ - J_ = X 

V u f ' , ' ' 

You may note that, according to the conven¬ 
tion of signs, both « and v are positive in this 
expenment. 

Repeal the experiment 3 or 4 times, chang¬ 
ing the value of u each time. Find/m each case 
and find the mean of its values. 

Observations: Actual length of index needle 

=_cm. 

Observed length of index needle between L and 

P, =-cm 

Index correction =__ cm. 


SMo. 

Position of 
It (cm) 

Position of 
concavt 
lens, L (cm) 

Position of 
(cm) 

Observed u 
(cm) 

1 

1 

Observed v 
(cm) 

1 

Corrected u 
(cm) 

Corrected v 
(cm) 

1 

f 

(cm) 





1 

1 
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Mean value of / =_cm. 

Notes'. ]. The second image is fonned only 
when the distance between concave lens L and 
first image Ij (which acts as virtual object) is 
less than the focal length of concave lens. If you 
do not see the real inverted image Ij, you will 
most probably see it on moving the concave 
lens nearer to first image I,, It is a good pro¬ 
cedure, therefoie, to first roughly locate the 
image I^ by using a pencil held in hand , keep¬ 
ing the pm Pj at image Ij as a guide to decide 
which way to shift the concave lens L, After 
you have seen a clear image I^ and ensured 
that it lies within the range of the optical bench, 
move Pj to locate its posiuon accurately 

2. Since the image Ij is quite enlarged, it 
can get blurred by cliromatic abration of the two 
lenses. Thus it is better to put a screen behind 
object pm Pj and thus do the entire experiment 
with one clour of light instead of with white 
light. For the same reason, pin Pj should be 
quite thin and sharp compared to pm Pj 

3, Adjust the position of concave lens L so 
that second image 1^ is sufficiently removed 
from Ij, to give reliable results. 

5.24 (Activity): To study the spherical aber¬ 
ration of a concave mirror 

^ (a) By using the parallax method 

Use a large mirror, of at least 7.5 cm diameter 
and focal length 10 cm. Using a thin and sharp 
pm Pj as object, locate its centre of curvature 
C by removing parallax between the pin and 
Its real inverted image I. Note that on moving 
your eye laterally, the parallax is perfectly 
removed (as finely as you can see) whatever 
portion of the mirror is in the back ground 
(Fig.5.33). It is so because this point is the 
centre of curvature for every portion of the 
spherical mirror. 

Now move the pm close to the focus F and 
locate its enlargedreal inverted image, by using 


U 



only the central portion of the minor. For this 
purpose, cover the miror by stop A with a cen¬ 
tral hole of 2.5 cm diameter (Fig.5.34). The pin 


Fig. 534 

Pj used for locating the image may be larger 
than Pj. 

Now without disturbing the positions of Pj, 
Pj and the mirror, simply change the stop. The 
second stop, B, is a circle of 5.0 cm diameter. 
It covers the central portion of the mirror and 
exposes the nng shaped marginal portion of 
inner diameter 5.0 cm). Check up the parallax 
between Pj and the image produced by this 
portion of mirror. You find that the pin Pj has 
to be moved closer to the mirror to remove the 
parallex (Fig. 5.35). Hence, focal length of the 
mirror for marginal rays of light is smaller than 
that for paraxial rays. 

(b) By using a source of light and screen 

You can use a tiny torch bulb as object (instead 
of pin P,) and a ground glass screen (in place 
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Fig. S3S 

of pin Pj) on which an enlarged image of the 
filament is projected Since the filament is of 
sobstantM length, keep the bulb so oriented that 
ihe U-shaped filament lies in a plane perpen¬ 
dicular to axis of the mirror Adjust the posi¬ 
tion of screen to make a sharp image by paraxial 
rays, Then replace the stop B to let margmai 
rays make tlic image and observe that the screen 
has to be moved closer. Done in this manner, 
this experiment is an excellent demonstration 
to a group of students 

5.25 (Activity) : To study spherical aberra¬ 
tion of a convex lens. 

Use a lens of 60 mm diameter and 10 cm focal 
length. Find the approximate focal length by 
focussing the image of a distant object on a 
sheet of paper. 

For object, use a light-box with a small hole 
(diameter 1 cm) on which a fine wire gauze is 
fitted. A strong milky electric lamp inside the 
box illuminates the wire gauze. The torch bulb 
of experiment 5.24 (b) can also be used for the 
object. But select a bulb in which the entire U- 
shaped filament lies m a plane, which may not 
be so in many bulbs. 

Fix the lens L in its upright on the optical 
bench. Cover it by stop A, a cardboard disc with 


a central hole of 2.5 cm diameter, so that rays 
of light may pass only through the central por¬ 
tion of the lens. Set up the illuminated object 
0, at a distance from the lens just greater than 
die focal length (Fig 5 36) Place a yellow filter 



Fig. S36 

Y in front of the object Obtain the enlarged real 
image of the wire gauze on the other side of 
the lens, on a ground glass screen S held in an 
upright on the optical bench. Make at least three 
independent adjustments of the position of 
screen to obtain a sharply focussed image. Note 
each position of the screen on the screen on the 
optical bench and find the mean position. Cal¬ 
culate the mean image distance for paraxial 
rays. 

Without slightest disturbance to the lens and 
the light box, replace the second stop, B on the 
lens. It is a disc of diameter 5.0 cm It covers 
the central portion of the lens and exposes a 
nng-shaped marginal portion whose inner dia¬ 
meter is equal to the disc (Fig,5 34) Note that 
the image on the screen gets blurred Again, 
make at least three independent adjustments of 
the position of the screen to obtain a sharply 
focussed image. Note each position of the 
screen on optical bench thus find the mean 
image distance, for marginal rays. 

Repeat these observations with the two stops 
A and B, by increasing the object distance first 
to double the focal length and then to four umes 
the focal length of the lens. In these cases the 
image on the screen is quite small and may have 
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to be observed with a magnifying glass, m order 
to adjust the position of the screen where the 
image is the sharpest 

From a consideration of tlie relative values 

I 

of V] and interpret the results in the light of 
the following questions 

(a) Do the two portion of the lens (cen¬ 
tral and marginal) have the same 
focal length? Which portion is of 
shorter focal length’ 

(b) How will It affect the image, if the 
entire lens is allowed to pass the 
rays of light? 

(c) How does the distance of object,«, 
affect tlie relative values of/, and 
/j the focal lengths for (i) paraxial 
rays and (ii) marginal rays? (For a 
double convex lens, in which /?, = 

difference between /, and / j is 
least when object and image arc 
equidistant from the lens) 

5.26 (Activity): To study the chromatic aber¬ 
ration of a convex lens. 

Use the same lens and set-up as was used for 
the study of spherical aberration Use the stop 
A throughout, which allows the paraxial rays 
to pass through. 

First replace the yellow filter by a red filter 
Set the object distance, u to double the focal 
length of Ihe lens. Measure and record die value 
of v^. Adjust the screen to receive the red 
image in sharpest focus. Taking at least three 
independent readings of the image distance v^, 
and obtain the mean value of v,. 

Next, replace blue filter on the object with¬ 
out slightest disturbance to the position of the 
lens or the otyecl. Adjust the screen to receive 
the sharpest blue image. Take three independ- 
net readings of the image distance v,, and 
obtain the mean value of v^. 


From a consideration of the relative values 
of and v,_, interpret the results in the light of 
the following questions' 

(a) Is the red image in the same posi¬ 
tion as the blue image’ If not, 
which is nearer to the lens’ 

(b) How will it affect the image if 
white light is used, in which red 
and blue lights are both constitu¬ 
ents alongwith many other colours? 

Exercise: Since the value of u is known, cal¬ 
culate/ and/, die focal length of the lens for 
the red light and blue light. Calculate disper¬ 
sive power, to, of the glass of the lens. 


Where / is the mean of / and / 

5,27 (Activity): To .set up a simple astronom¬ 
ical telescope and find it.*! magnifying power. 

You can set up a fairly good telescope using 
simple lenses and see distant objects by it, 
which are not visible by unaided eye You are 
familiar with basic construction of an astronom¬ 
ical telescope given in the textbook under 
chapter 11 (Ray optics and optical instruments). 
For the objective you can use a good spectacle 
lens (concavo-convex) or a plano-convex lens 
of power between -nl D and -t-2 D (i e./= 100 
cm to 50 cm) and diameter 50 mm. It must be 
made of a good opthalmic glass and not a cheap 
one made of window glass. Fix this lens in one 
upright at one end of an optical bench, convex 
side away from the centre of optical bench. Foi 
the eyepiecs, use a plano-convex lens of any 
diameter between 20 mm to 50 mm and focal 
length 10 cm. Fix it in another upright on the 
optical bench. Convex side of the eye lens 
should be towards the objective (Fig.5.37). 

If your eye piece lens is too small to be fixed 
m the upright (e.g. when its diameter is 20 mm), 
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Fig. 53 ^ 


hold it in a hole of same diameter as the lens 
cut in the centre of a disc Cj, of thick card¬ 
board of diameter 50 mm. Two discs Cj and 
Cj of same diameter and having central holes 
of slightly smaller diameter may be pasted on 
either sides of Cj to prevent the lens from 
slipping out (Fig.5.38) 



Fig. SJg 


Point this telescope towards a distant object, 
Adjust the distance between the two lenses, till 
you see a sharp inverted image of the object 
with fine details. 

To find the magnifying .power of your tele¬ 
scope, clamp a metre scale vertically at the end 
of the laboratory or a distant support 10 m to 
20 m away. Scale should have 1 cm thick mar¬ 
kings 1 cm apart, so that these can be clearly 
seen by unaided eye at a distance upto 20 m, 
Focus the telescope till you see a clear inverted 
image of the scale through the telescope. 

Observe the metre scale S directly with one 
(unaided) eye, say the left eye, LE. Also observe 
it through the telescope with the other eye, RE 
(Fig,5.39). Then make adjustment of eye lens 



_ 

--H^LE 


(move towards or away from objective) so that 
the virtual image seen through telescope is coin¬ 
cident with the metre scale itself (i e. at the same 
distance as the scale seen directly). 

The whole telescope may also have to,be 
adjusted laterally and vertically so that image 
in the telescope is directly alongside the metre 
scale seen with the unaided eye. 

Observe the number of scale divisions as seen 
through the telescope, which correspond to a 
certain number of scale divisions seen directly. 
Their ratio is the magnifying power of the tele¬ 
scope. 

Note: 1. If the metre scale is not placed distant 
enough, the magnifying power observed by you 
may be larger than the theorebcal value fjf^ 
Compare your result with the theorebcal viue 
and account for the difference 
2 ff you normally wear spectacles for distant 
vision, do not remove them for this activity 
because the metre scale seen dmectly, as also 
Its image seen through the telescope, are dis¬ 
tant from you 

3. If, for example, the magnifying power of 
your telescope is 5 (f^= 50 cm,/, = 10 cm), 
it does not mean that it gives an equal advant¬ 
age in resolving the details of objects seen 
through it. Identify a printed matter in the news¬ 
paper which you can read at a distance of about 
2 m. Place it verbcally and posmon yourself at 
the maximum distance from it where you can 
read it by unaided eyes. Measure this distance, 
d, with the help of a colleague using a 3 m 
carpenters’tape Next, let your colleague carry 
away this material, holding it upside down, 
while you look at it through the telescope. Give 
him a signal tq,stop when he reaches the max¬ 
imum distance at which you can read it through 
the telescope. Measure this distance d, from 

the objecbve of the telescope. The ratio ^ 

d 

o 

gives the advantage in resolving the details that 
you get by the telescope. Due to aberraHnn<i in 


1 / 


Fig. 5J9 
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the lenses and diffraction, this ratio is often less 
than the magnifying power 
4. Instead of setting up this telescope on the 
optical bench, you may set it up in two card¬ 
board tubes, TO for the objective lens and TE 
for the eye lens (Fig.5.40). The objective lens. 



Fig. 5.40 


0, of 50 mm diameter is supported about 25 
mm inside the end of tube TO facing the dis¬ 
tant object The eye lens E,of20 mm or 25 mm 
diameter is supported near the end of Lube TE, 
which is near your eye. The eye lens E should 
also be about 5 cm inside the tube TE so that 
it makes a real image of the objective lens just 
outside the open end of tube TE, where your 
eye is situated. Thus your eye receives all the 
light passing through the eye lens and thus you 
see a wide field of view. 

The tube TE slides inside tube TO. It should 
be neither so loose that once focussed at a dis¬ 
tant object it may slide in or out at the slightest 
undesired jerk, nor so Qght that in trying to 
focus It at a distant object when you try to push 
in or pull out, it often overshoots the correct 
position. You can use this telescope for watch¬ 
ing the night sky, With a magnifying power of 
about 10 (f^ = 50 cm. 10 cm), you may be 
able to see the four GaUilian moons of Jupiter. 

5.28 (Activity): To set up a compound micro¬ 
scope and find its magnifying power. 

You can set up a fairly good compound micro¬ 
scope using Simple lenses and see small objects 
by it, which are not visible by unaided eye. You 
are familiar with the basic construction of com¬ 


pound microscope given in the textbook under 
chapter 11 (Ray Optics and Optical Instmments). 

For the objective lens you may use a plano¬ 
convex lens of focal length 50 mm and dia¬ 
meter 15 mm By fixing it at the centre of a 
cardboard disc, as explamed in Fig 5.38, in the 
acuvity on astronomical telescope Mount it in 
one upnght on the optical bench. Foi the eye 
piece use another plano-convex lens of focal 
length 5 cm and diameter 20 mm. In similar 
manner mount it in another upright on the opti¬ 
cal bench Keep a distance of about 35 cm 
between the two lenses and their convex sur¬ 
faces inwards (Fig.5.41) Keep a finger in front 



T 


Fig. 5 41 

of lens 0 and look at it tiirough the eye lens E, 
Adjust the position of your finger till you see 
it clearly. You see the tiny hair magnified to 
rope-like appearance. You may also be able to 
see the tiny holes in your sbn, through which 
you perspire, 

To measure its magnifying power keep a 
small scale S, clamped vertically in a stand, at 
the same place as your finger. The portion of 
a 15 cm steel scale which has X marks. 

2 

IS quite good Set another taller scale T verti¬ 
cally in another clamp stand at the least distance 
of distinct vision (about 25 cm) from the eye. 
Keep the scale T close enough to the micro¬ 
scope to enable it to be viewed direct with one 
eye (say left eye LE), while the scale S is viewed 
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at the same time tlirough the microscope with 
the other eye, RE. 

Adjust the position of S until its image I seen 
in the microscope, coincides with the scale T 
and there is no parallax between them. Observe 
and record the number of mm divisions on scale 
T viewed direct corresponding to a small length 
(say 2 mm) on the scale S viewed through the 
microscope, and so deduce the magnifying 
power. 

Disturbing the setting of scale S each time 
and using different lengths on scale S, obtain 
several readings, find magnifying power in each 
case and take the mean of all the results. 
Note' 1. Since the magnifying power of the 
compound microscope depends on the distance 
between objecuve and eye piece, the result you 
obtain is for a particular distance between the 
two For taking the mean of several measure¬ 
ments of magnifying power, this distance 
should not be altered. 

2. You may repeat the expenment by taking 
a few other distances between the two lenses 
and thus study the affect of this distance on the 
magnifying power. 

3. It IS a considerable help if the two scales 
(particularly the smaller) are strongly illumi¬ 
nated by electric lamps. 

4. It is of considerable help to keep your eye 
slightly away from the eyepiece E, at a point 
where the eye piece makes a real image of the 
objective 0. Then you can see the maximum 
length of scale S through the microscope. 

TOPIC 6 : ATOMIC AND NUCLEAR PHYSICS 

5.29 (Demonstration): Demonstration of 
properties of cathode rays using a cathode 
ray tube with a Maltese cross. 

The calhode-ray-tube consists of an electri¬ 
cally heated cathode C, which releases electrons 
when heated. These are accelerated by a hollow 
cylinderical anode A (Fig.5.42) which is con¬ 
nected to the positive terminal of an e.h.t. supply 



Fig. 542 

of about 2 kV to 3 kV. The assembly is enclosed 
in an evacuated glass tube G Thus eleclrons 
travel in a divergent beam through the cylin¬ 
derical anode There is a Maltese cross M in 
the way of the rays R, which end up at the fluo¬ 
rescent screen S. 

When the e h.i is applied to the tube and 
cathode is heated, you observe a dark shadow 
of the cross on the screen against a green fluo¬ 
rescent background. Shadow is a true, slightly 
enlarged copy of the cross You see the same 
shadow if e.h.t. is not applied and the room is 
sufficiently dark. The shadow without e h.t. is 
formed by dim light which is emited by the 
cathode when it is healed. This suggests that 
the rays are travelling m straight lines from the 
cathode and those not intercepted by the cross 
cause the screen to fluoresce. 

Bnng a strong magnet near the side of the 
tube, in level wito the cross and near the cross. 
You then observe that the shadow shifts ver¬ 
tically and has become a bit blurred. If you 
bring the magnet m level with and near the 
anode, the beam deflects and the shadow par- 
Ually or wholly disappears, because the beam 
misses the cross and passes above or below it. 
Using Fleming’s left hand rule find the kind of 
charge which must be moving fi-om cathode to 
the screen You abserve that the rays behave 
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like a flow of negative charge travelling from 
cathode to anode. 

The negative charge contained in the rays is 
also evident from the fact that the anode is given 
a high positive potential, which acceleiates the 
particles released by the cathode In fact you 
can observe that the higher the potential of tlie 
anode, the less the rays bend m a given magne¬ 
tic field, 1 e the higher is tlieir velocity. Thus 
these rays expenence force like nagatively 
charged particles in an eiectnc field 

After about 10 minutes of operation, feel the 
end of the tube where the rays strike the fluo¬ 
rescent screen, You will find that it is a bit 
warmer than the room. It concludes that these 
rays carry energy, 

The properties of cathode rays thus demon¬ 
strated may be summarised as follows" 

(i) They travel from cathode in straight 
lines 

(ii) They cause certain substances to 
fluoresce. 

(ill) They possess kinetic energy. 

(iv) They can be deflected by magne¬ 
tic field and they experience force 
in an electric field, which evidence 
their negadve charge 

In another kind of cathode ray tube, the cross 
has vanes twisted at some angle, like the blades 
of fan. The cross is also free to rotate. Demon¬ 
strate by this tube, that as the rays strike the 
cross, the cross begins to rotate as if wind is 
moving it It evidences the following property. 

(v) The cathode rays possess momentum. 

Thus these are moving particles possessing 
mass. These are not like light rays or heat rays, 
which have very little momentum and for a 
momentum sufficient to rotate the cross, will 
have to be so intense that they would melt the 
cross rather than move it. 

5.30 (Demonstration): To demonstrate 
photo-electric effect 

You can set up a quite simple experiment to 


(b) 





Tig. 5.43 


demonstrate that electromagnetic radiation can 
release electrons from a metal surface Take a 
small zinc plate and clean its surface with a fine 
emery cloth Place the zinc plate Z horizontally 
on the disc of an electroscope E, cleaned face 
upwards (Fig 5.43a). Charge the electroscope 
negatively. Let it stand for a minute and see that 
there is no perceptible movement of the pointer 
of electroscope in this duration Next, illumi¬ 
nate the zinc plate with ultravoilct light from 
a mercury vapur lamp L and observe that the 
electroscope discharges quite rapidly Repeat 
this experiment with a sheet of glass between 
the lamp and the zinc plate, which absorbs 
ultravoilet rays and observe that the electro¬ 
scope docs not discharge As the glass sheet is 
removed, the electroscope starts discharging. 
Hence the discharging of electroscope is linked 
to the ultravoilet rays coming from the lamp. 

Repeat the experiment by charging the elec¬ 
troscope positively. This lime you observe that 
ultravoilet rays have no effect on the discharg¬ 
ing of electroscope, which goes on at same very 
slow rate as without the ultravoilet rays and is 
due to mmute leakage within the insulation of 
the electroscope. 

With positively charged zinc plate, as the 
ultravoilet rays release the electrons from the 
plate Z, the released electrons are attracted back 
to the plate at high positive potential (Fig.5.43b) 
With negatively charged zinc plate, as the ultra¬ 
voilet rays release the electrons from plate Z, 
the released electrons are repelled away by the 
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plate due to its negative potential (Fig 5.43 c). 
Because only with negauvely charged electro¬ 
scope, the ultravoilct light is observed to dis- 
dliarge the electroscope, tins experiment helps 
to conclude that ultravoilct light releases neg¬ 
ative charge (i.c, electrons) from the zinc sur¬ 
face. 

Aloie: The release of electrons by ultravoilct 
light is most efficient in case of freshly cleaned 
zinc surface. Thus tlie expenment should be 
done within a few minute after the zinc plate 
is cleaned by emery cloth. 

5,31 (Experiment); To study how a radio¬ 
active substance decays, using the analogue 
of a dice. 

Apparatus: 100 small cubes of plastic/wood 
with one face of each marked, a container (e g. 
a beaker) for shaking and throwing them, a large 
tray in which to throw the cubes without any 
one falling on the ground You can easily make 
a 50 cm X 70 cm tray using a postal paper of 
56 cm X 76 cm, by bending 3 cm at each edge 
into vertical position. 

Background: Earlier in the laboratory Manual 
Vol.I (for class XI), under die activities 2.26 and 
2.27 on pages 45 to 48 titled "How does a con¬ 
tainer empty out through a leak" and “Measur¬ 
ing time interval by the water clock" the idea 
of "half Me" for the fall of water level m the 
jar was introduced. These activities were based 
on the fact that vanation of amount of water 
in the container with time is represented by the 
same mathematical formula, as represents the 
decay of an actual radio-active substance. 

In the present experiment we shall represent 
individud radio-active atom by a small cube 
and go a step deeper to understand the role of 
chance phenomenon in radio-active decay. 

Procedure: Take one hundred cubes In the 
container and throw them on the tray, Make 
sure that you throw in such a way that all the 
cubes spread out and there is no piling up of 


cubes at any spot. All the cubes with marked 
face up are to be considered as decayed. These 
are taken out, counted and the number left m 
the tray are again taken in the conlamer and the 
whole process is repeated. After 15 throws 
(which repcsent 15 units of tune elapsed) only 
a few ‘undecayed’ cubes are left. Enter the 
observations of these 15 throws under set 1 m 
the table of observations, mdicating the number 
of ‘decayed’ cubes under column (a) and of the 
‘undecayed’ cubes under column (b) 

Repeat the entire experiment (set of throw) 
four Umes more, each time starting with 100 
dice and making 15 throws Enter the results of 
these 4 experiments in the remaining,four sets 
of columns. 

Plot points represenbng N, the number of 
‘undecayed’ cubes, against senal number of 
throw, i, for each of the five expenments on the 
same graph, taking t along X-axis and N along 
Y-axis. Obviously all the five experiments are 
identical, though the value of N for same value 
of t may be different in each experiment. These 
differences are due to the fact that ‘decay’ of 
a dice in these experiments is a chance phe¬ 
nomenon. Draw a smooth curve which best rep¬ 
resents’this experimet. Value of N for any 
particular value of i by this graph may or may 
not be an integer. Actual points representing the 
observations in the five expenments are widely 
away from the graph above and below it Find 
from the graph the ‘half-life’ for decay (i.e. the 
number of throws necessary for half the orig¬ 
inal number of dice to stay undecayed). Find 
the half-life in- various parts of graph (N = 100 
to 50,'or 60 to 30, or 40 to 20, or 30 to 15). 
If these results are equal within experimental 
error, find the mean half life. 

Notes: 1. You can see that for any particular 
value of / (number of throws) the number of 
undecayed atoms (cubes) is not exactly same 
in the five experiments. It so happens because 
decaying of cube is a chance phenomenon. Pro- 
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Observations'. No. of cube s (a) decayed, 


(b) undecayed, 


SJ^o of 
throw (I) 

SelJ 

Set 2 

[Sets 

Set 4 

Sets 

ir/iesoo 

Idiee set 

(a) (b) 

W (b) 

(b) 

(o) (b) 

W (b) 


0 

1 

2 

15 








bability of decaying of a cube in unit time is 
1/6 in these experiments. In like manner in an 
actual radio-active substance too, the decay of 
an atom is a chance phenomenon Probability 
of an atom to decay in unit time (Is) may be 
a small as 0.5 x 10-'^ (for carbon -14) and it 
may be as large as 10‘‘ (for carbon -10). 
Range is much wider for all the known atoms 
2. Equality of half-life in various parts of the 
graph demonstrates a property of any phenom¬ 
enon which depends on chance, as the decay 
of cubes in these experiments as well as radio¬ 
active decay is Number of atom (or cubes) that 
are expected to decay in unit time is pro¬ 
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portional to the number of undecayed atoms (or 
cubes) present 

3 For each serial no. of throw, total up all the 
5 values of number of undecayed cubes These 
totals represent an experiment of 500 cubes m 
which you throw 100 cubes at a time, only for 
convenience of counting the number of deca¬ 
yed cubes. Plot a second graph on a separate 
graph paper for these numbers. Observe that 
deviations of various points from the smooth 
curve are now smaller. Thus, you can see that 
when in a radio active sample there are billions 
of billions undecayed atoms present, the law of 
decay is quite accurate 
TOPIC 7 STUDY OF THE UNIVERSE 

5.32 (Experiment): To measure the angular 
diameter of sun 

Apparatus: A plane mirror and a graph paper 
screen, both mounted on clamp stands. 
Procedure: Fix a small plane mirror, M, out¬ 
side in sun-shine in a clamp stand. Cover it with 
a paper, in the centre of which there is a small 
circular hole of diameter a (about 15 to 20 mm) 
Measure the diameter of this hole Orient the 
muTor such that it sends a beam of sunlight hor¬ 
izontally into the room If you receive this beam 
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Observations 


SNo 




Minor, b (cm) 

by major 
dimension 

by minor 
dimension 

Mean 

1 

1 


! 

1 

1 

1 





on a screen placed perpendicular to the beam 
and close to the minor (at position A in 
Fig.5,44), then you receive an elliptical patch 
of light of major axis equal to diameter of the 
hole, a, Hold the screen (a graph paper) with 
one set of lines on it parallel to this major axis. 
Measure both the axes a and b of this ellipse 
and distance s of screen from mirror. 

When you move the screen away from the 
minor along the beam of light, the patch of light 
expands, because from each point on the mirror 
you are receiving a cone of light of vertical 
angle equal to angular diameter of the sun. Keep 
the screen at position B. At a distance s~ 
(about 5 m) from the mirror without changing 
the orientation of lines on it. Measure the major 
and minor dimension a! and b' of this light patch 
L, along the two sets of lines on the screen Also 
measure the distance, s' of the screen from the 
mirror. Then angular diameter of the sun is 

a' - a b - b 


Calculate the two results and find the mean 
value. The unit for this result is radian. 

Note: 1. If the room into which you reflect the 
beam of sunlight is fairly dark, you can make 
the hole in the paper so small that its dimen¬ 
sion can be neglected and it can be treated as 
a point. Then the patch of hght on the screen 
at a distance s is circular and a clear image of 
sun. Measure its diameter and divide by s. 


Exercise: Assuming distance of the sun as 150 
million km, calculate the diameter (d) and 
radius (r) of sun in km. 

Food for thought. You know angular diameter 
of sun changes during the year, as the distance 
of the sun changes. You have made the astro¬ 
nomical telescope, vide note 4 m activity 5.27 
and shown in Fig 5.40. How can you modify 
the above expenment using that telescope to 
project an image of sun and measure angular 
diameter of the sun so accurately that you can 
study the vanation of it dunng the course of an 
year? 

5.33 (Activity): Identify constellations and 
stars with the help of star map published in 
newspaper 

You must have seen the star map which appears 
in newspapers every month. It shows the sky 
in two halves. One half is the part you see when 
you stand facing south and the other half is the 
part you see when you stand facing north. Both 
parts are joined in the middle, which represents 
zenith, the sky directly above you. The position 
of stars changes with t'me. It is also not same 
everyday at same time by the clock. Thus the 
positions shown in the map refer to times and 
dates indicated. For everyday after the indicated 
date go back by four minutes in time and your 
map will faithfully show the star positions. 

There are other useful star maps too which 
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are easy to set for any date and time for exam¬ 
ple the star map kit at S.No. (ii) in the hst at 
the end of this theme. You can also use more 
derailed star atlases, as the ones at S.No. (rv) 
and (v), if you spend some time in reading and 
following the instructions given and if you get 
familiar with coordinates in the sky 

534 (Activity): Estimating angular distance 
between two objects in the sky 

While you study the objects in the sky with the 
help of a star chart, you frequently need to esn- 
mate angular distance, i e. angular separation 
of two objects as seen by you. The simplest 
devices to esumate angular distances m the sky 
are your own (i) palm (ii) fist, (iii) thumb, and 
(iv) fore-finger. Not ony for objects in the sky, 
for distant leirestrial objects too, you can use 
these devices. Stretch your one hand in front 
of you horizontally, and also stretch its palm. 
Then the palm length (distance between tips of 
the little finger and thumb) subtends an angle 
between 16' and 20* at your eyes. You can cal¬ 
ibrate your palm length more precisely as fol¬ 
lows: 

Stand in an open place Start from horizon 
in your front, with a hand and the palm stretched 
in front of you. Count the palm-lengths from 
horizon in front to zenith and then to horizon 
at the back. Then the total angular distance from 
horizon to horizon being 180', the angular size, 
a, of your palm length is 

0 =^--- m _ 

number of palm-lengths from horizon to horizon. 

In this procedure, the number in the deno¬ 
minator need not be necessarily an integer. If 
m the last position of your palm, the direction 
of horizon at the back is, for example, in the 
middle of the palm, count it as half. 

Since the fist is about half the palm-length, 
angular width B of the fist is half of a. Better 
is that you calibrate the fist itself by the above 
method. 


Now, thumb-width is about 1 to 1 of the 

10 T 

palm-length and fore-fmger width is about 1 

15 

to J_ of the palm-length. In order to find more 
10 

precisely these fracbons for your thumb and 
your fore-finger, mark out a distance equal to 
the palm-length on a sheet of paper Then count 
the number of thumb-widths and fore-finger- 
widths ui it. Thus find the angular size of 
thumb-width (y) and fore-finger-width (8). 

Having calibrated the four devices, you can 
proceed to estimate the angular distance 
between two stars in the sky Start from any one 
of the stars, count the number of, say, palm 
widths and thumb-widths upto the second star. 
Use any combination of the four devices, add 
up their angular width and the result is the angu¬ 
lar distance between the two stars 
You may use these devices to estimate the 
latitude of your place. Locate the pole star in 
the sky. Estimate the angular distance between 
pole star and horizon in the north direction, as 
described above. The result is the labtude of 
your place. With some preacice, the error in 
your result should not exceed 2' or 3'. 

535 (Activity): Observation of objects in the 
sky through a good telescope. 

If your school has, or can acquire a good ama¬ 
teur telescope, organise sessions to observe 
celestial objects in evenings through it. Such a 
session is best organised on the evening before 
a holiday, so that you can afford to reach home 
late in the night after this session. Quite good 
telescopes with objective mirrors of upto 13 cm 
diameter (reflecting type) and with achromatic 
objective lens of upto 8 cm diameter are avail¬ 
able in India at moderate cost. If you possess 
the common binoculars with objective lenses 
of 50mm diameter, this too can be used and 
objects in the sky that you can see with it will 



OPTICS AND MODERN PHYSICS 


187 


cieate a lot of interest. 

A few example of interesting observaPons in 
ihe sky arc 

(a) Surface of moon: mountains and 
many other features on it 

(b) Planets and objects orbiting them, 
e.g. rings of Saturn, moons of Jup- 
itar (I, Europa, Ganymede and 
Callisto, first seen by Gallileo 
without an achromatic objecuve 
lens in the telescope invented by 
him). 

(c) The Milky Way. i.e. our own galaxy 
which, by unaided eye, appears like 
a band of cloud in a great circle 
around the sky (and hence named 
as Akash Ganga by Indian astro¬ 
nomers). By a telescope you see 
large number of bright stars. The 
more powerful is your telescope, 
the more beautiful the Milky Way 
you see. 

(d) Stars of various colours: You can 
make out different colours of 
brighter stars by unaided eye too, 
with some practice. Due to their 
different temperatures stars have 
different colours ranging from red 
to blue. 

(e) Star Clusters: like Pleiades and 
Beehive cluster, which are groups 
of stars very close together. A star 
cluster may also have a fuzy spot 
where stars are so close together 
that your telescope can not see 
them separate. 

(f) Galaxies like the Andromeda, 
which appears as a fuzzy spot in 
sharp contrast to stars, which are 
points of light. 

(g) Variable stars: Some stars like 
8-Cephei continuously change in 
their bnghtness. 


(h) Sunspots: Project an image of sun 
in day time and see many sun spots 
and study the rotation of sun. 

In order to organise such viewing systemat¬ 
ically and to have concrete learmng out of these, 
rather than casually viewing the Magic show 
of God, the best is to organise an astronomy 
club, if you can get a room at a roof top or any 
other place from where the sky can be seen 
unhindered, and where your equipment can be 
kept safe, and can be taken out for the sky view¬ 
ing by spending little time and effort. During 
day time, this room can be used for science 
related co-cumcular activities. If you find it dif¬ 
ficult to organise an astronomy club m your 
school, you can visit a school or college nearby, 
where you can reach in an hour or so by your 
school/public transport, and where an astro¬ 
nomy club is functioning 
If die astronomical telescope in your school 
has (i) the objective mirror of about 18 cm or 
bigger or objective lens of about 13 cm or 
bigger, and (ii) has facility of equatorial align¬ 
ment (i.e. making one of the two axes of rota¬ 
tion of the telescope parallel to axis of rotation 
of earth), tlien to derive full benefits that your 
telescope is capable of, you should instal it in 
an "observatory" of your school permanently 
(at least for a viewing season). Roof of the 
observatory may be sliding, which can be 
wheeled off when you want to make observa¬ 
tions. Better still, your observatory can be a 
rotating hut, with a slit in the walls and roof 
through which the telescope can see the sky. 
It is quite easily possible to make a rotatihg hut 
of 4 m diameter at moderate cost, which can 
be rotated by two persons at opposite ends of 
any diameter of the hut. 

For this activity you will find the following 
publicadons quite useful. There are, of course, 
many other too. 

(i) Shankar, P.N. 1985 A Guide to the 
Night Sky. Karnataka Rajya Vig- 
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Material 


Amber 

Amber 

Sodii 

Fu’.cd quiitz 

Liquid Puraffin (Medical 

Grade) 

rraiisIoiTtier oil (Claw B) 

Marble 

Sand (dry) 

Sandsionc 

Paper (Oil impragnatcd coi 
denser lissuc) 

Mica 

Epoxy resin (e g Aralduc) 
Cellulose Acewie 
Vmyul Acciaie (Flasucisci 
Vinyl Chlondc (P.V C ) 
I'bomio (Pure) 
llubber (Vulcanized sofi) 
Rubber, SyiiihciiC 
Parallm wax 
Sulphur 

Walnui wood (dry) 

" (17% moisture) 

Vacuum 

Air 

Porcelain 
Barium tilanaie 
Runic group 
Waicr 
Water 


Temperature 

i'C) 

Freejmey 

m 

Dielectric 

constant 

Loss u 
(10®) 

20 

IC^ 

28 

2 

20 

3x10® 

2,6 

90 

20 

10® 

75 

100 

20 

10’^ lo 10® 

3S 

2 

20 

ICP 

22 

1 

20 

10^ 

2 2 

1 

20 

10® 

8 

400 

20 

10® 

3 

• 

20 

10® 

10 

■ 

L- 

20 

10® 

23 

22 

20 

10? 10 10® 

5 4 to 7 

2 

20 

10® 

33 

250 

20 

IC^ 

3.5 

300 

i) 20 

10® 

4 

500 

20 

10® 

4 

600 

20 

10® 

3 

90 

20 

10® 

32 

280 

20 

10® 

25 

40 

20 

10® 

2.2 

2 

20 

3 X lO® 

34 

7 


any 

llpm 3 X 10® 
10^ 

10® 

10 * 10 10 ® 
10 ® 

10'® 


20 

5 

1,00000 
1 00054 
55 
1200 
40 10 80 
80 
64 


350 

1400 

Nil 

negbgible 

80 

160 

3 10 30 

650 

4700 




TABLE 2 

Typical Objects with Electrostatic charge 


Object 


C V Q Energy 

E-{ CV^ 


2 , 

3 

4 

5, 


6 

7 


9 


10 


BaOoji of 20cm diajneicr rubbed all 


round by nylon cloth 

11 pF 

200 V 

22 nC 

0 22 pJ' 

Metal sphere on insulated stand 
mbbed by silL (dia 9 cm) 

5pF 

500 V 

25 nC 

062 |aJ‘ 

-do- changed by a school type 
Van-de-Graaff 

5 pF 

0 25 MV 

125 ^iC 

016J 

Boy on an insulated stool repea¬ 
tedly charged by elecirophorus 

50 pF 

3000 V 

ISO nC 

225 pJ 


30 cm X 30 cm improvised con¬ 
denser with wax soaked tissue 
paper dielectric (K = 2 7, A= 

700 cm and d=0 4mm) and charged 
by a 9V battery, 4 nF 

9V 

36nC 

162 nJ ♦ 

-do- plates separated to 2 cm apart 80 pF 

450 V 

36 nC 

81 pJ* 

Flash gun condensers (Professional 
type) 500 pF 

400 V 

02C 

40 J 

Average lighting between earth and 
cloud (h=l to 5 km) 

10* V 10 
10'’V 

20 C 

10^ to 10’'’] 

(a) Earth and ionized air of high 
conductivity at top of strato¬ 
sphere (h = 50 km) 

0,4 MV 

57xlO^C 

10”J 

(b) Ionization cunent between earth 
and ionosphere in fair weatlier - 

0 4 MV 

1800 C/s 

7xlO®J/s 

Charged plate of good eleciropho- 
rous (diameter 20 to 30 cm) in dry 
weather, after lifting it up 10 pF 

3000 V 

30 nC 

45 pJ* 


* lliesc bodies in yoiir school laboratory arc not dangerous to touch 


TABLE 3 

Electrical Resistivities of Typical Metals and Alloys 



Resistivity (lO'^ohm-melre) 

Temperature coefficient at 

0°C (over range 0"C-100"C) 
(10*) 

Material 

OC 

100 n 

300 x: 

700 V 

Alutiuntum 

2 45 

3.55 

5.9 

247 

45 

Chromium 

12,7 

161 

252 

472 


Copper 

156 

2 24 

36 

67 

43 

Iron 

89 

14,7 

315 

85 5 

65 

Lead 

19.0 

270 

50 

107 6 

42 

Gold 

204 

2 84 



40 

Mercury 

94.0766* 

103 5 

128 


10 

'Nickel 

614 

10.33 

225 


68 

PlaUnlim 

9 81 

13 65 

210 

34 3 

392 

PlaUnum- 






Rhodium 






(87/13) 

19 0 

22 0 



156 

Piaimum 






Rhodiurrl 






(90/10) 

187 

218 



166 

Plaunum 






Imdtiim 






(90/10) 

24 8 

28 0 



13 

Silver 

1 51 

2 13 

3 42 

65 

41 

Tzn 

11,5(20’C 

15.8 

50 

60 

46 

■[ ungsicn 

49 

73 

12 4 

24 

48 

Zinc 

55 

7.8 

13 0 

37(500'C) 

42 


Mercury ai 0‘C is used as a secondary sundard lo realize ihe standard unit of resistance, ohm 


TABLE 4 

Electrical Resistivities of Common Insulators and Semiconductors 


Snhtanc£ 


Diamond 

llboniie 

Glass (Soda lime) 

" (I’yrcx) 

' (cotidticiing) 

Vlita 

I’tpcr (dry) 

I'araflm wax 
I'orcclain 

Sulphur (rnombic) 


yjerur.viry (ohni-melre) Subslance (Re^isunty (ohm-metre) 


10^“ to 10" 

Carbon 0"C 

10‘* 

" 500’C 

5 X lO’ 

" 1000“ C 

lO’^' 

" 2000- C 

5 X 10® 

" 2500' C 

10" to 10‘’ 

GermaTiium 

10’° 

Silicon 0" C 

lO’* 


10’° to lO’^ 


2 X lO" 



3 5 X 10’^ 
2 7 X 10'5 
2 1 X 10-* 

1,1 X 10-’ 

0 9 X 10 5 

0,46 

2300 









TABLE 5 

Alloys o( High Rfsistoncc 


Alloy 

Resistivity 20 * C 
(JO^ ohm-metre) 

Temperature coefficient 
in range Q-IOO'C 
(10*) 

Max Operating temp¬ 
erature (■ C) 

Constant (58 8% Cu 
-10% Ni, 1 2% Mn) 

44 10 52 

-0.4 to +01 

500 

Gentian Silver (65% Cu 
20% Zn. 15% Ni) 

28 to 35 

+0.4 

150 to 200 

Mangamn (85% Cu, 

12% Mn, 3% Ni) 

42 to 48 

03 

100 

Nickeline (54% Cu, 

20% Zn, 26% Ni) 

39 to 45 

02 

150-200 

N'lchrome (67,5% Ni, 
15% Cr, 16% Fe, 

1 5% Mn) 

100 to 110 

20 

1000 


TABLE 6 

Transition Temperature to the Superconducting State 

Substance 

Transition 

Substance 

Transition Temperature 


temperature (K) 


(K) 

Metals 

* 

Compounds 


Candinium 

0,6 

NiBi 

42 

Zinc 

08 

PbSe 

50 

Aluminium 

1 2 

NbB 

6,0 

Uranium 

1 3 

Nbf 

92 

'I in 

37 

nBC 

101 to 10,5 

Mercury 

47 

nBN 

15 to 16 

Ixiad 

73 

NbjSn 

18 

N'loliiuin 

92 

YBajCujO,j 

90 








TABLE 7 


Resistivities of Electrolytes in Aquous Solutton at 18‘C 


Sol Hie 

Conceniralm 

Resislivily p, 

Temperatwe coejficienl. 


% 

(ohm cm) 

X '(degree'') 

Ammonium Chloride 

5 

10,5 

0,0198 

NH^Cl 

10 

56 

00186 


20 

38 

00161 

Copper Sulphate 

5 

529 

00216 

CuSO. 

10 

315 

00218 


175 ‘ 

23 8 

00236 

Sodium Chloride 

5 

149 

0,0217 

NaCl 

10 

83 

00214 


20 

51 

00716 

Sulphuric acid 

S 

4,8 

00121 

H,SO, 

20 

1,5 

0,0145 


30 

1,4 

00162 


dO 

15 

00178 

Zinc Sulphate 

5 

524 

00325 

i 

ZnSO, 

10 

312 

00223 


20 

21,3 

00243 


Note The resisavily of an electrolyte falls off with increasing temperature (as distinct from metals) I'he 
resistivity p for any icmperature i can be ewiputed frqm the fomtula 
' P,-Pig(l-X(M8)) 

where X IS the temperature coefficient given m the table, and pjj is the resisuvity at 18 C 



TABLE 8 


Thcrmo-c.in f. generated by various Thermocouples 


Iherrno couple Thermo e mf for cold junction at 

0 tr and hat one at 100 "C (pV) 


Copper-Lunslaiu 4160 

Copper-iron , , , , i 1220 

Coppcr-iiiLkcl 2240 

Iron Lonsianlan 53fi0 

Ir6ri-nitkt.l ’ ' 3460 

Iron-dluiTiinium 1560 

Akiminmium consianUn 3820 

Aliiiniimim-iiitkel 1900 

Coini.mun-nickel 1920 

Copper .iliiiinniuin 340 


TABLE 9 

AlomtL Weights, Valency and Equivalent Weights of Common Elements 


SMo 

l.leinent 

Symbol 

Atomic Weight 

Salt 

Valency 

Equivalent 

Weight 

1 

iiromine 

Hr 

79 904 

NaBr 

1 

79.904 

2 

CdlLiiiin 

Cd 

40 08 

CaCl, 

2 

20 04 

1 

Chlorine 

Cl 

35 453 

NaCI 

1 

35 453 

4 

Chronmirii 

Cr 

51996 

Cr ,03 

3 

17.332 

i, 

Copper 

Cu 

63 546 

CuSO, 

2 

31.773 

6, 

Gold 

Au 

196.967 

AuCl, 

3 

65.656 

7 

Hydrogen 

H 

1 00797 

H,0 

1 

1.00797 

8 

Iron 

I’e 

55 847 

FeCl^ 

2 

27.924 





FeClj 

3 

18616 

9, 

Nickel 

Ni 

5871 

NiSO^ 

2 

29 36 

10 

Oxygen 

0 

15,9994 

HjO 

2 

7.9997 

11 ~ 

Silver 

Ag 

107,868 

AgNOj 

'1 

107.868 

12 

Sodium 

Na 

22.9898 

Nad 

1 

22.9898 

n. 

Tin 

Sn 

118 69 

SnSO^ 

2 

59,34 

14 

Zinc 

Zn 

65.37 

ZnSO^ 

2 

32,68 






■ , . TABLE 10 


' ^ r I # » < V • - * i ' ‘I ‘ 

Propcrtic!. ol some high pcrmi^bllitj' Alloys 

Iho'-e alloys have a high permcabiliiy, which decreases sharply at high field intensiUes (when magtici- 
isiitiuii approaches saluraiion value) and in addiiion, depends strongly on mechanical strain Inmal per- 
nieabiltiy, and maximum permeability respectively mean ihe slope of B-W curve for H=0 and maximum 
slope of/i II curve. 1 he coercive force is the value of magneue field intcnsiiy needed lo reduce the resid 
iial itugrietic induciton (called retentivity) lo ^ero (its direction ts opposite to that of midnbvity) 


Alhy 

/niiial 

Penmabihty 

(gauss/oersted) 

Maximum Per- 

meabihty 

(gauss/oersted) 

Saluraiion valuer •Cocr-cive force 
of magnelisalion (oersieil) 

(gauss) 

1 

Cliperom 50 

3,400 

28,000 

— 

006 

(jiperom 766 

14,000 

45,000 

- 

004 

I’lire iron 

Molj hdcniitr-permalloy 

200 

5,000 

> 

21,500 ' 

■ LO. , - 

tl'.; Mol 

2,000 

120,000 

8,500 

0 02 

(Tiromiiiin permalloy 
Siijicr pemialloy 

3,000 

150,0(X) 

>6,500 

0015 

r*;'-! Mo) 

100,000 

800,000 

7,500 

0 004 


TABLE 11 

I’niperlius (if some Materials for Making Permanent Magnets 


\luurial 

C oercive force (oersted) 

Helenimly (gauss) 

Miiicii 

500 

7,000 

Mni'-t 

800 

4,000 

M.ignici) 

550 

12,000 

t'obiili sieel 

220 

!>,000 

I'l.iiiiuiin alloys 

1500 to 2700 

4500 lo 5800 



Al'PENDlX 1 


Make your own wax-soaked tissue pupcr for maktng a capacitor 

lake a sheet of thin paper (the one used lor making kite or for typing many carbon copies) of siae 33cm 
K 38cm Iis ^thickness js abput 0.2imn, bold a 2irn x 33Lm sinp of metal in one edge of 33cm length 
and hold it by a clip This functions as a hanger by which Uie paper can hang plane' wiihoui wrinkles 
' kt an liluiniiinnn sheet of 40cm x 40cm anti thickness 18 SWG bend about 2 5cni ol each edge 
angle of about 45° Thus you get a 35cm iray ol depth about 1 5cni (Ftg A-1) Melt about 0 5 kg 



Fig A-1 Improvised iray for melling wax for mahng wax-soaked lissiie paper 

of while paraffin wax in it on a smokeless fire or electric stove The wax melts into a clear Lquid filled 
lo an average depth of 5ntm iii the tray ITic liquid should be hoi enough so that its viscosity appears 
to be sunilar to that of water but must noi be so hoi as to lu. ile a (ire hacard 

Hold that paper by the clip and lay it Hat on the Lquid was I here must be no air bubble between 
the two, Now slowly lift the paper by the paper cLp at a speed ol about 1 cm per second so that excess 
wax has siilficienl tune lo How back to the tray When the enure paper has been lilted, lei a cool lor 
a lew minutes 'frim the paper on all the four edges because wiix layer may be too thick at the edges 
Thus make a wax-soaked paper of 30cm x 30cni, 

l\il this wax soaked-paper as dielectric m your improvised capacitor (acliytty 1,33) with an average 
sepataiion between the plates less than 0 4mm| it makes a condenser of capacity more than 4000 pF. If 
the paper is not'punctured any where and wax covers us entire area, you can safely charge it up to 500 
volt by a high lension d c power supply 






APPENDIX 2 


Guideline for Making a Mechanical Model of ‘Electron Drift’ in a Metal Wire ' ' ' 

I ‘ ‘ I r < ' ‘ I 

Takea !iraightalununiumchannelAB,about3cm wideandSOcmlongCFig. A-2a) ThEaloms/ions(+ve) 
are to be represcnied by fixing thcismallest size of bicycle sieel balls (about 3nim diameter) and the free 
electrons by the small beads (used m the electrostai machines) free to move when the channel is given 
a slant The steel balls are to be fixed after putting, carefuEy, equal quantity of a strong adhesive (say 
araldite) on each ball just enough to suck the lower up of the ball to the aluminium surface and not to 
provide resistance to the dnfting tiny beads when these would collide the steel balls Before douig this 
points have lo be marked aU along the channel by repeating the pattern of a crystal lattice neiwork.(Fig 
A-2b), This pattern can be aclueved more accurately by sticking a strip of graph paper equal ui stze lo 
(hat of the channel Mutual gap among balls should be about twice the size of the beads representing electrons 
To make the base of the channel stable, it is good to fix it over a wooden plank of the same width 
but 6 cm smaller length, having a thickness of about 15 cm by using a strong adhesive (and not by fixing ' 
screws) 


Aluminium cTianntl 


I 5 cm X 3 cm x 50 cm 



Fig A-2 MaUng mechanical model of "electron drift" 

(a) Fixing up alummiim channel on a wooden plank 

(b) Fixing ball bearings on the channel m the pattern of face-centred costal lattice 
NO'IE: This figure is not lo scale 


3 cm 
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I'l^ A 2(c, cl, e) 


(cj Comptele set up of the demoniiraiion 

(dj Malang the device vvRich constantly feeds the small beads at upper end of the channel 
(ej Open and dry boxes for collecting the beads at lower end of the channel 

For Ihc Uny beads lo keep adding al upper end of ihc channel and colliding with balls and drifting 
along the channel a suitably modified plastic funnel filled with beads may be kept close lo this end, after 
supporting it in a nng stand (Fig.A-2c), The modification to be done lo the funnel is by way of cutting 
u carefully so that its lower side has an opening of about 2 S cm diameter Inside this lower end is placed 
a circular aluminium sheet with about ten holes in it, which arc of size just sufficient to allow one bead 
each to fall from a hole (Fig A-2d), You would also need a few blocks/wcdgcs, 2 to 3 cm thick, to provide 
a desired slope to the channel for the Uny balls to keep driJung and colliding with die balls a tray with 
a pair of small open boxes would be needed for collecting the beads at the other end of the channel (Fig A- 
2 c) 'Ihe box filled, say upto 3/4th, with the beads would help in transferring 3 cubic cm of the beads 
at a lune lo the end at higher potential, after the other box is kept to collect the beads reaching the end 
at lower potential. 



APPENDIX 3 


Resistors »nd Codes to Indicate their Values 

Carbon resistors are made from mixtures of carbon black, (a conductor) clay and resin binder (non-conductor), 
The mixture is pressed and moulded into rods by heaung The resistivity of the mixture depends on the 
proportion of carbon The stability of such resistors is poor and their values arc usually only accurate 
to wiihm ± 10% but they are cheap, small and good enough for many jobs (Resistors of accuracy ± 5% 
arc also available). Three sixes are available with power ratings of 1/2, 1 and 2 watts. The value of a 
resistor is usually shown by colour markings, as shown m Fig A-3a Figures associated with different 
colours are as under,- 


Figure Colour Figure Colour 


0 

Black 

5 

Green 

1 

Brown 

6 

Blue 

2 

Red 

7 

Violet 

3 

Orange 

8 

Grey 

d 

YeUow 

9 

White 


The tolerance colours are gold ± 5% silver ± 10%. no colour + 20% 

2nd Figurt 

Numbtr of noughts 
Totorante (occurocy) 


Silver 

10 % 



Violet Orange 
7 000 


27000a (27KO) 

(a) 

Fig A-3(a) A carbon resistor wuh colour code marking 
This colour code is now bemg replaced by code with simpler marking, which may be understood by 
following examples 


Value 

Mark 

0.27n 

R27 

IRO 

3 3fl 

3R3 

ion 

lOR 

220 n 

K22 

looon 

IKO 

Value 

Mark 

1200fi 

1K2 

68Kn 

68K 

lOOKft 

MIO 

iMn 

IMO 

6,8Mn 

6M8 

470 Kn 
M47 
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In this system the tolerances are indicated by adding a letter' 
F = ± 1%, G = ± 2%, J = ± 5%, K = ± 10%. M = ± 20% 
Examples 5K6K = 56 KI2 i 10% 

M47J = 470K a ± 5% 

KlOF = 100 n ± 1% 


Carbon film resistors have recendy gained popularity The sUibility and accuracy of this type of rests- 
tor IS commonly ± 2% and the power rating U8 to 1/2 watt. Its construction is as shown in Fig. A.3b 


Resin coatinQ Metal end 



A ceramic rod is heated to about 1000°C m methane vapoui which decomposes and deposits a uniform 
tilm of carbon on the rod The resistance of the fdm depends on its thickness. Resistance of the film 
can further be marapulatcd by mcrcasing it by cutting a spiral groove in it ITic thinner and longer is 
the resulting spiral of carbon film connecting the two metal ends, the larger is its resistance After cutung 
spiral groove, the film is protected by a layer ol epoxy resin coating 

For high accuracy and stabihty, resistors are always made ol wires, as arc those required to have a 
large power rating (i e over 2 walls) They use the fact that the thinner and longer is the wire, ihe larger 
Us resistance Manganin (manganese, copper,'nickei alloy) wire is used for high precision standard resis¬ 
tors because of its low lemperaiure coefficient of resistance (=10 ^per ’C) Constanlan (or eureka)', an 
alloy of copper and mckeJ is used for several purposes (lemperaiure co-efficient ± 2 x 10 ^ per "C. unpre¬ 
dictable). Nichrome (nickel, chromium alloy) wire is used for commercial resistors and heating elemenis 
(lemperaiure coefficient 10x10^ per ’C) 


APPENDIX 4 


An Improvised Open-type Fuse Holder 

To demonstrate the funcUontng of a fuse, this type of fuse holder is quite useful in die class room The 
luse wire is quite visible lo students against a while back ground The burnt out fuse wire can be replaced 
in just about 5 lo 10 seconds. 


I APPENDICES ,, 


201 


Take wo equal u,ooden atnps each about 5 cm long,6 mm thick (1/4"), 2 5 mm broad Gnnd one 
end slightly taper in each amp on a s^d paper Suck the tapered ends together with a strong adhesive 
to make an inverted V-shape (Fig A-4), On two crocodile clips solder about 1 meter each of flexible elec¬ 
tric cable as lead It should be of 15 A capacitymade of tinned copper wires Suck the two crocodile 



Pig A-4 An open type fuse holder fug A-S Large square coil for study of magnetic field 

produced by a straight conductor 


cbps on llie two sloping arms by a strong adhesive (like ardldile) Hie fuse lioldcr is now ready, 

1 o diuch a fuse wire ui il lake about 12 cm length of fuse wtre Oti the outer jaw of a erocodde clip, 
wmd two turns of one end of the wire Similarly, aliach other end to the other crocodile clip, leaving 
a loop of about 5 cm to 6 cm of wire in the middle 


APPENDIX 5 


Making a square coll for study of magnetic field produced by a straight conductor, using only two 

dry cells as current s'ourcc 

Take an aluminium C-channol available in 4 yard or 366 cm length M.ike a bqtiare of u with cacli set 
being W4ih of the lolal length i e. 91 5 cm (I-ig A 5) Width of channel should lx- ts miu or in ,i, 

IS available Each comcrof the square IS round'lo fuaher sireiigthen ilir U'nn I', .1 'si hr i'I n rl pr , 

nalc shape is lixed ai each comer 
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In this square Wind 40 turns of 24 SWG enamelled copper wire Resistance of this coil at 20'C is about 
11 ohm Hence even by a battery of 2 dry cells in the common battery box, which gives an e m f of 
3 V, you may pass a current of upto 250 mA in the coil This makes lotal current in all the conductors 
of one arm taken together equal to 10 amperes, which gives a neutral poml at a distance of about 6 cm 
m the presence of earth's magnetic field, A 12 volt dc power supply or a lead acid battery can be used 
to supply total current in one arm equal to 40 ampere to demonstrate tlie field pattern by iron filings 
Fix the cod vertically in the table as shown in Fig.3.11 Let ns vertical arm pass through the centres 
of two horizontal boards fixed on the table Spnnkle fine iron dust on the cardboards Pass a current of 
1A m the coil by a 12 volt power supply and tap the cardboards The iron panicles arrange themselves 
in circular loops around the vertical arms of the cod carrymg current 


APPENDIX 6 

Making a circular coil for study of magnetic field produced by it 

Take enameUed coper wire, SWG 24 wmd il into a circular cod of 600 lums For Ihis purpose make 
a cardboard spool of about 1 ram duck cardboard of internal diameter 64 mrn, outer diameter 96 mm, 
crossection 16 mm x 16 mm Thus the space avadablo for windings of copper wire is of 14 mm x 14 
mm crossection It wd take about 150 metre of wire wiih a resistance (at 20''C) of about 11 ohm, weigh¬ 
ing about 300 gram 

Fix the cod vertically m the centre of a horizontal board of about 20 cm x 20 cm size (Fig A-6a) A 
better shape for the board is an octagon inscribed in a circle of diameter about 28 cm (Fig A-6b), Pamt 
the lop surface of the board white, Spnnkle fine iron dust on ihe board With help of a d.c, power supply. 




I'lg A-6 Circular coil for sludy of iis magnetic field (a) mounted on Ihe square board 
(b) mounted on the octagonal board 






appendices 


203 


pjK i currenl of aboui 1 ampere in R at 12 volt, for about 10 setonds While the current is passmg, gently 
up the board Iron panicles arrange ihemselves into a beautiful patiem of lines of force in the magnetic 
field of current carrying coU. as us magnetic field is quite strong 
You can pass a constant current of about 120 mA in it for quite long conunously by just a dry ceil 
and field is strong enough to be plotted by a plotting compass 
You can pass a current of about 5tX) mA by four dry cells, float it in water (putting it in a trough), 
and observe us behaviour as a quite strong magnet, which keeps ils aius alaig north-souih hne 
You can conned it to a most ordinary golvanomeler Remove it, from its board, hold it in hand and 
lum through 180' Current induced in il due to changing flux of earth's magnetic field can thus be shown 
to a whole class. 


APPENDIX 7 

Making a Solenoid for Study of its Magnetic field 

Take copper wire (16 SWG), commonly used for eanh connection m domesuc eleclnc winng Enamelled 
wire will be betler On a glass botijc of cylindcrical shape and diameter between 5 to 5-1/2 cm, wind 
42 turns of this wire close lo each other When you lake it off the boiile, n unwinds by 4 turns, leaving 
only 38 turns At the same time. Us diameter increases to between 55 mm lo 61 mm 
Now take a sinp of 6 mm thick ply-wood, between 16 to 20 cm long and breadth equal to external 
diameter of the solenoid (Fig A-7a) Along us longer edges, make 1 S mm deep grooves at 4 mm spacing 
(I c 38 grooves in 152 mm length). Insert it into the solenoid such that its upper surface is the honzonial 
plane passing through the axis of the solenoid (i e height of loops below the lower surface is 6 mm less 
than height of loops above the upper surface). Put a drqi of araldiie (or similar adhesive) in each groove 
and lot U haidcn for 24 hours, thus fixing the solenoid in correct posiuon on the sinp 
Make a wooden board (30cm x 40cm) m the centre of which is a window whose size is equal to the 
wooden strip In the two ends of this window there are seats for the wooden slop to rest on Fu the w^cn 
strip on these seals alongwuh solenoid wound on U (Fig A-7b) Fix terminals T,'! at the ends of the board 
and connect the two ends of the solenoid to the lenninais 



/'igA-7 Solenoid for study of Us magnetic field (a) The strip to fix the horizontal plane through its Oxit 
(b) Sectional view of the mounted solenoid. 


Your solenoid is ready. You can pass a currenl of up to lOA through it ar^ us temperature rises by 
only 3'C or 4*0 above room-temperature Then a m.gneuc field of 30 x IQ-^ ts produced m U. which 
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]s enough to demonstrate field pattern by'iron filings You can pass merely 300 mA by a dry cell to plot 
the field pattern by a plotting compass Either a 50 mm compass or a plotting compass can be manip¬ 
ulated inside it by a short length of 16 SWG copper wire, which can be introduced through ihc 1 5 mm 
spacing among the turns of the solenoid You can plot ihe points inside for mapping the magnetic field 
by a ball point refill or a short length of pencil lead plugged at the end of the plastic tube of a used ball 
point refill 


. , , APPENDIX 8 

1 . * 11 

1 ^ .1 M ' t ' ' ■ ’ 

Making a current-carrying coil which behaves as a cotnpass needle and with whose help bnc can 
, ^ plot a magnetic field, using a single dry cell. 

Take a torch cell (I 5 volt e.m.f.). Test its short circuit current, which should be more than 5 ampere, 
tf it is fresh. If you do not want to damage the ccU, this short circuit currem should not be drawn for 
more than 3 or 4 seconds This cell is of cybndcrical shape having a diamatcr of 33 mm and length of 
60 mm, Make a card-board spool in the core of which ihc cell jusl fits 'Ihus the space for windmg a 
coil on it has iniemal diameter of 35 mm and length ol 58mm (F'ig A-8) Wind on it enamelled copper 



Ftg AS A coif which can be used as a magnetic needle without any iron in it 

wire ol SWG 24 in 5 layers of 97 turns each, thus you get an otiier diameter of 41mm, use about 59 
metre of wire whose resistance is 4 2 ohm at 20'C l-’nds of the wire are soldered to two tinned brass 
strips attached m opposite faces of the cardboard spool When desired, you can rotate one, of the strips 
nboui the point where il is aiiaohod to cardboard, insert the cell and bring the stop back, in order to (i) 
hold the cel] in position and (r) make contact at ns ends and thus pass a current of about 350 mA in the coil, 
.^Tispend the coil willioui c -11 in the stirrap ol vibration magnoiomeier Observe that il has no ten¬ 
dency to acquire the north-south direction Now insert ihc cell in it, so that currem passes in the coil 
'Hie cod starts oscUlaiing ahom tin; nonh-souih.difcciiQn, just like a magnet with a lime penod of about 
1/2 mmuie Bring ii to rest wii'i lu axis m the norih-souih direction and it stays biaUonery, 

This cylindrical "magnet" o, (0 mm length and 41 mm diameicr (if pivoted in a suitable frame) can 
be used lo find itie direction of mugnutif ’'icld ai any point in the field ol a magnet or anothei; current 
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carrying coil Of come, due to its size it vs not so convenient as a plotting compass, whose box has outer 
dimeter between 12 mm to 20 mm and height about 5 mm Mott-over, you can keep your cod "mag- 
neused" for only about 5 minutes at a stretch Then you must remove the ceE, give,it some rest, test' 
that it IS still capable of supplying the current and, if necessary, put another cell , . 

APPENDIX 9 ' 

Making a U-m«gnct out of Two Bar Magnets 

Take two strong bar magnets of 5 cm or 7.5 cm length. Also you need uit iron block, about, 6 mm or 
9 mm high and length and breadth equal to breadth of the magnets. Alternatively cut square pieces of 
this length and breadth out of an non sheet. Make sufficient niimbei of pieces of non sheet, v;hich whe t 
put together make about 8 mi»i to 9 mm iluckness ' ' 

Place this non block/pile of iron squares over south pole of one magnet. Put the north pole of other 
magnet over it and tic the two rnggnets and the iron block Ughlly together (Fig. A-9) At the other end 



Fig. A-9 A U-magnel made of two bar magnets 

north pole of lower magnet and south pole of upper magnet are roughly at same distance apart as the 
height of iron block. Insert this gap over a Barlow’s wheel ^expenmem 3 25) or over the rotating disc 
which generates a small d.c voltage in this magnetic field, (expenmpni 4 6) 

APPENDIX 10 


Make a Strong Electromagnet out of a Rejected Flouresccnt Tube Choke 

If you have a rejected choke of your fluorescent lube light, don’t throw it away It is going to be useful 
for your science expcnrneiiis, , 

Open Up the casing of the choke. Inside you have a choke, ihe core of which is as shown m Fig A-lOa 



Fig A 101 

(aj Core of fluorescent lube choke 

(b) Re-arrange the two parts to make a C-core 

(c) The complete electromagnet. 
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There are two J-shaped piles of laminations each having a coil wound over il and both cOils are connecied 
in senes In the rejected choke, one of the two coils is probably burnt out Select the one which is not 

burnt and throw away the'other coil ’ - 

Now jgui the two J-shaped cores as shown in Fig A-lOb so that you have a C-shaped core Insert the 
longer leg of the J-cores into the coil tiU the two legs touch uiside the cod (Fig A-10 c) If you pass a 
d.c.icurrent in the cod by a 24 volt power supply a strong magnetic field is formed'm the gap 
' You can do many other interesting dungs with this burnt out choke, which are described in the fol- 

■dowmg booklet: •••,'' • • • ^ , r., 

Dalta, S N., Low casl ElectroimiKeUc Induction Kils out of the Condemned Chokes of a Fluorescent 

Tube Mysore . Regional College of Education, NCERT, 1986 


appendix 11 

An Inductor of High Inductance and Low Resistance 

The tod of this inductor is to be w'oiind on a cardboard spool mto which a core o) retlaiigular cross-seclioii 
(50 mm X 75 mm) Can be mscricd The core consists of H-shaped laminauons, the central arm being 50 
mm broad and the Suck is budi up to a thickness of 75 mm (Fig A-11) Length of cemrol ann of each 



lammauon is 75mm. Thus lengili of cardboard spool ts 74 mm (outside) or 72 mm (mside), Ihickness 
ol 1 mm for cardboard being an appropriate value. 

Wind 43 layers of wuidings by 26 SWG enamoUed copper wire The winding should withstand an 
a c voltage of 1000 volt applied to it This can happen when free oscillauons are set up m it with a con¬ 
denser in parallel with it (experiment 4 27) Hence 72 mm length of spool be divided mto three secUons 
by walls of a good uisulating materials The three coils are wound one in eacli section, each having 43 
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layers «nd AS loops in each layer and the three coils are in senes. Thus.mside of this winding has 52 
mm 77 mm rectangular crosseciion and the outside has 98 mm x 123 mm crossecuon. Enure winding 
requires about 2388 m of 26 SWG wire, weighing about 3 ^ kg and having resistance Of about 250 ohm 
ai20‘C ' - , , . 

Iht E-shaped core has central arm of 75 mm x 75 mm x SO mm and outside aims of 75. mm x 75 
mm X 25 mm with 25 mm gaps. Thus total length of core is 150 mm. Open pace of'E-core ts closed 
by an 1-core of 150 mm x 75 mm x 25 mm so thaienhrc magneuc circuit is in ihe.iron core with neglig¬ 
ible air gaps (at contacts of ]-core &■ E-core) It weighs about 9 kg Thus total wdighi qf the.inductor 
is about 12 4 kg, . . . , I , 

Permeabiliiy of iron for small fields (i e' for small currents - 0 1 raA in the coil) is about 300 and 
thus mduciance of this inductor is roughly 150 heniy. The maximum permeability is more than 5000 
at a field of the order of 2 oersted (obtained by a.c current of peak value 8 mA, for which the inductance 
is as high as 2500 henry 

Special Applications of this mductor include the following. 

(i) Demonsiralion of the fact that on appUcauon of a d c voltage, ihc current passing through 
an inductor lakes lime to reach us steady value, Due lu large ^ of this inducior (-10 s), 

R 

the slow nse of current is clearly seen (Bxpt 4 20) 

(u) Demonstration of dependence of L on maximum currenl using a source of d.c voltage. 
If maximum currenl is 100 pA and is measured by a micro-ammeter, nse of current is 
much faster. For maximum current of 8 mA, nse is quite slow 
(ui) Connected m parallel with a 2 |iF paper capacitor and excited by a 2 volt accumulator, 
U creates free elecincal osciUaUcns for several seconds, showing that il makes an ose^ 
laioty circuit Current flows to and fro with a frequency of 2,25 Hz, starting at about 300 
volt peak value across the capacitor, which can be demonstrated by a neon indicator lamp 
m senes with a 5Mft resistor (Expt. 4,27). In similar manner, free oscillations in the senes 
L C circuit can be demonstrated by charging ihe condenser by a 300 volt d .c power supply, 


(Expl, 426) 

(iv) The coil alone makes a large air core mducior of about 1 heniy With its inductance remaui- 
ing constani over a wide range of current and frequency, quite a number of expenraems 
and dcmonslrations can be done by il 

(a) VolUBc-currenl relaUonship for consiani f and the concept of impedence can be stu¬ 
died wjihoui an audio-osaUalor, merely by using 50 Hz a c. Due to large L, mducuve 
reactance is large enough at 50 Hz in air core only. Thus V-I graph is precisely a straight 
line, which may not be so with iron core. 

(b) Senes and parallel resonance expenmenls can be done wilhoul an audioos^aioq merely 
by using 50Hz a c and the same capaciior of 2 )iF Resonant frequency for this capac¬ 
itor with this completely air cored uiducior is 

1 = 1 = 112 Hz 

2n ^ 2x3 14Vl xzx 10^ 


(c) 


Jr- 


By brmgmg the E-core alone to the coil. Us L wiU increase, the actual value of E depend¬ 
ing strongly on the relative posiuons of the coil and the E-core, Maximum vahies o 
E is obtamed when E-core is tomplelely inside the coil, when Us distance f^ ih 
core may be taken as zero. Since, it may be difficult to calibrate the distance ^iwe 
the two m rerms of the value of E. the distance itself may be used m place of the value 
nf L to Dlol the vanous graphs for the study of resonance phenomenon 

tain ol -i- »» " 

series with ilby constructing the voltage triangle, finding the resisuve reacuve com¬ 

ponents of its Jmpedence and thus demonstration of the equably of this resisuve 
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ponenL lo ilie d,c reiiiumoc; of the coil may he done (Due to its air core, thete are no 
other energy lories than the healing of the copper winding At 50Hz. the energy radiation 
in the fonn of electromagnetic waves is also neghgible There is no skin effect too), 
(d) Demonstration of eddy currents in a conductor placed near it may be done without 
the iron core Place ihc coil wiih ns axis vcmcal Place on ns honzonial face, an alu- 
mmium sheet of size 100 mx 125 mm, which fits the outer boundary of the coil Apply 
230 volts a c to the cod from your a.c mains, An a c of about 0 6 ampere passes m 
n Due lo induced eddy cunenls, the alumiruuin slieel is repelled and is thrown off 
As the power tonsiimpuons in the coil is about 150 wall, it gets heated quickly and 
ihc curncnl may not be passed for more than a few seconds 


APPENDIX 12 

Make a Fine Slit nf Uniform Width Equal to Thickness of a Razor Blade 


On a glass sheet of at least 60 mm x 60 mm, place another glass plate of same size, which has been 
cut mlo two pans A and D (Fig A-12 a) A and B arc separated by a distance equal Lo thickness of blade 
C, which stands vemcally between them with its sharp edges vcnic.il Stick end poruons of A and B 
togeihor by adhesive tape so that these are not pushed apart duruig subsequent work About 50 mm 
length of A and B is clear Horn the adhesive tape (l-ig A-12 b) Next place iwo new blades D and E, 
one sharp edge of each touching the blade C, Now suck the end poninns of D and E together by adhesive 
upes T,T 

Next pul the assembly of D atid E upstde down. Fold the extra breadth of tapes T, T onto the side 
which IS now upwards If this assembly is to be made permanent then, instead of folding the adhesive 
tape, qse small pieces of blade coated with a strong adhesive (Idee araldiicl on this side of the assembly 
Then this assembly of D and E has a shi of uniform width equal to ihickfiess of blade C and length more- 
than the width of blade C. 





APPENDIX 13 

Making a Simple Double Silt for Young’s Experiment 


Take a microscope slide. Clean U with soap and water and let it dry Check that the glass has no tipples 
visible wuh naked eyes. (Look ai a distant object through it and move it in its own plane If the distant 
object is seen shaking, the slide has npples, and is not made of good glass) 

Now paint the slide with graphite colloidal suspension, or black wajer proof ink used the artists, 
or just deposit soot by keeping over a candle flame. Take two razor blades Hold them together with 
thumb and foi*-finger, close to comer and make a pair of lines on the shde by this comer. The separation 
between the two lines, A and B (Fig A-13 b) is equal to thickness of one blade If you hold far from 
this comer, then while drawmg the lines, the blade may separate out and separation between ihe lines 
may mcrease at some places, wherever the blades separate out 

You must draw the Imes m a single effort and with such a pressure that the glass becomes transparent 
at the lines For this reason it u advisable to start with four to five shdes, make lines on each and then 
select the best one by viewmg through each at a line source of hght Arrangement shown in Fig A-13a 
IS helpful for drawmg pair of lines straight and m coneci place and direcuon The slide S is held between 
two shghtly thicker glass plates P, P. The three are stuck together by an adhesive lape on their lower 
faces which are In contact with working table Ihen a small straight edge h (it can be another glass plate 
wuh edge ground or a plasuc scale) is supported on the plates PP, so that it remains clear abov,e ihe coated 
surface Dien the pair of lines is drawn by the blades along the edge E 

A slide coaled with graphite colloidal suspension or water proof ink may be viewed from any side 
However,'^ihe shde on which soot is deposited must be held wuh uncoaied side towards the eyes, lest 
a contact with your face may s^il the slide 

In order to be able to see a metre-scale through u, alongwith the diffraction pattern, make a clear window, 
W, of about 5mm x 5mm (or a circle of about 5mm diameter) in the middle of the pair of lines A & 
B (Fig A-13b) The best way to make the window is to suck a small piece of adhesive Upe on the-shde 
before painting it. After painting it, peal off the piece of upe carefully by the Up of a knife The lape 
must be of a good quahly, so that it leaves no spot on the glass after it is peeled off 
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* Mechanical Analogue of Scattering of a - Particles b)' Atomic Nuclei 


Principle 

The potential at a point in an inverse square force-field (as is that of the nucleus of an atom) is mversely 
proportional to the distance from the pomt source of field. If the force is repulsive (as it is between the 
nucleus and an tx-pamdes), the potential is positive and a graph of Ur versus r represents the vanauon 
of potential with distance (Fig A-14a) If we revolve this curve about the Y-aids (Fig A-14b) the sohd 
of revolution of this curve is obtamed Top surface of this sohd, the surface of revolution of the curve 
gives a niechaiucal model of the potential hill (Fig A-14c), 

A ball TOlhng up this potential hill acquires a gravnauonal potential energy proportional to h and, there¬ 
fore, proportional to l/r Thus its motion simulates the motion of pamclemovmg m 2-dimensions under 
a repulsive inverse square force-field Thus it simulales the motion of a charge movmg on the plane ui 
the electric field of the nucleus, 

Construciion of the Model I 

A typical model of potential hill can have a base diameter of 28.2 cm, and a top diameter of 4cm and 



(a) 


Fig A-14 

height of 50mm (Fig, A-l4d) The model can be turned out of wooden plank 30cm x 30cm x 5crp First, 
a curve between h and r (Fig A-14a) is drawn on a graph sheet (of size larger than 10 cm x '15 cm) with 
the foEowing points 

♦Matenal for this appendix was provided by Dr.N.N. Swamy, Reader in Physics, Regional College of 
Education, MysorB-570 006 



X(r)uii 14 1 12,5 111 100 9,0 80 70 

Y (/i) mm 7 0 8 0 9.0 100 111 12 5 14 1 

6 0 50 40 n To 25 20 

167 200 250 30,0 33 3 400 500 

llii: jjMph is. shown m I-^j 1 for refcroncc lo make an aLcuraii; and smoolh curve, ii is beiicr lo use 
ihc msLnirnciil 'Fl.hXIHU- CUKVE" used by arliiis A Icrnplalu is cul li> fil Ibjs curve Using ifus icm- 
plain, ihc solid ol rcvoluiiun is cul on Ihc wooden plank fixed lo a lathe 

Arreisnnr;.! 

1 Sled balls of 12 7 mm diameters 

2, A ramp lo roll down ihc balls from different heights (accelerator) A 30 cm plastic scale will 
be suitable Height of lower end of ramp must be equal lo height of the lower boundary ol the 
potential hill, so that a ball rolling down the ramp smoothly roils onto the potential hdl without 
any jump In order that the rolling ball represents high energy a-particlcs, upper, end of the ramp 
should be of height 12em or more 'llie scale mast be fixed in a curved shape, with ns lower end 
hori/ontdl, so that the ball leaving the lower end after rolling down, smoothly rolls on lo ihe poten¬ 
tial hiU wiihoul any significant change in the angle of its mouon with lespect to horizontal plane 

lixperimenli with the Potential Ilitl 

In lire two cxpertmcnls described below, the model is to be used as a potential hill to demonstrate the 
dillerent aspects of alpha scattering Ihe ramp should be kept with its edge touching the surface of the 
hill at Its lower boundary (Fig A-14e) The ball should be held on the ramp at the desired height with 
a stopper (A flat scale will do), The ramp should be placed along a direction off the centre C, such as 
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on paper 



Fig A-14(e.f) 

AB in Fig,A-14f to trace the path of the ball a paper P, of size 33 cm X 43 cm with a carbon sheet of i 
same size above it is fixed on a large drawing board or plane and smooth table top, which ts adjusted 
horizontal 7he model and the ramp can be placed on this paper for both experiments. 

Experimenl 1\ Dependence of the scattering angle (0) on the initial energy of the panicle 
Release the ball from different heights on the ramp and show that the scattering angle (6) increases 
as the mibal energy decreases, 

Experiment 2 The relation between the scaivenng angle and the impact parameter for a given energy 
of the alpha particle. 

Release the ball from a specified height and deicimme the scauermg angle 0, Measure also the impact 
parameter b (see Ftg A-14f). Repeat the experimenl for different values of ‘b’ but always releasmg the 
ball from the same heighL Measure the scatteniig angle in ea^ case. 

Show that h « cot 0/2, as illustrated in Fig 13,7 of the textbook. 




SUGGESTIONS FOR THE SCiro 


A nuiiil)cr of demonslration expenmenls ihiii make \k chapter? of modem Physic? uiicresliiiii need 
re^oiirLC', which arc at present not available in a number of physics laboratories ol schools and even junior 
colleges where PhysKs is offered by the students aiihe t2 siajje It is suggested that the teachers should 
arrange for demoiistraiion lectures by subject experts from a nearby Degree Cottege/UniversitylResearch 
Laboratory If need be Ihey may seek the help ol school authorities 
Some of ihe schools and junior colleges may be lucky to have a 16 mm projector and or a TV with 
or without VCP, Central Institute of Educational Technology (CIET), NCERT, New Dellirhas a number 
of 16m[n educational films on Physics topics Schools tan become members of Ihis library to obtain on 
loan suitable films, spedaEy those dealing wiih ihe topics under modem Physics, Schools may have the 
catalogue/informalion about the films and video cassettes by contacimg the officer Incharge Film Library, 
CIET, NCERT, New Delhi PIN-110 016, If teachers obtain on loan suitable films/vidco cassetts they 
should make their best use Viewing of the general TV programmes, specially those telecast under the 
UGC TV Programme in science related to Physics may also be found helpful Oiher teachers should be 
on the look-out for opportunity to arrange a visit to the nearby Science Ccntrc/Scicnce Museum/ 
Research Laboratory alter making a prior airangement with an expen for selling up sonic of the exper- 
imetils connected with the course In such a case ihe inlcracib of siudeni,s wth ihe experts should be 
encoi^aged and some advance preparation and a loEow-tip would bccoiije necessary, hy the teacher ui 
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